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ABSTRACT

This thesis has been written to solve different types of

problems through microcomputers in the radar and electronic

warfare field. These problems are offered as subjects at the

Naval Postgraduate School in Courses EC 4432/33, EC 4484, and

EC 3431.

The computer programs that solve these computer problems

have been written in an interactive method because it is

user friendly and also so that anyone can change any given

parameter or characteristics of radars and jammers and thus

study their performance for the purpose of using or designing

4; them. .. ,
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I. INTRODUCTION

The intent of this thesis is to solve diverse types of

problems in the field of radar and Electronic Warfare, with

the help of microcomputers, in order to help training offi-

cers to better understand this area of technology.

Many of our Naval Officers today have microcomputers which

they take to sea with them. In addition a new MIL-SPEC

Hewlett-Packard microcomputer is becoming operational on all

Naval combatants. These PC's have the potential for provid-I

ing an excellent resource in the tactical training of the

officer in problems in electronic warfare and radar. All too

often at sea these technical problems are brushed aside and

left for civilian technicians. There is however a great need

for the technically trained officer to be able to handle the

changing technical EW radar situations. These sample prob-

lems may provide help in attacking some of the problems that

the operating Naval officer will encounter.

Microsoft Basic and the interactive method have been used

to write the programs that solve these problems. Microsoft

Basic is an easy language for anyone to understand and as a

result, the user can easily modify the programs. Also, be-

cause Microsoft Basic is available in every microcomputer,

there is no need for one to make changes to run these programs

on different miciocomputers. The interactive method gives one

the opportunity to input any chosen data and the ability, by

10



-., changing this data, to study the different performances of

radar and jammers.

,.-,In solving these problems, the following have been taken
4..

into account: The performance of the radars, the ability of

the radars to track targets, the design of radars for special

purposes, and the design and study of different types of

jammers. Special emphasis has been given to select these

problems so that there would be a diverse field of different

types of radars and jammers for numerous purposes, including

their use in different conditions of operations. This selec-

tion of problems has been done in such a way that they can

I* help a training officer to comprehend and perceive or to help

an engineer evaluate a radar or a jammer he/she may wish to

II design. _ .i i' ~M? ,.' A2

-In Chapter II, the author presents ma'terial which~is needed1

to solve the problems of Chapters III and IV. A brief explana-

tion for each equation is given as in Skolnik JRef. 1].

The third part of this thesis encompasses problems that

refer entirely to radars.

The fourth part deals with the problems of radars and

jammers and how dissimilar types of jammers affect the radars,

*,-, problems in which different categories of trarsmitting and

receiving antennas are examined, and problems on different

;7 types of jamming techniques. Most of these problems have been

taken from [Ref. 3].

The conclusion drawn from this software development is
0

contained in Chapter V, Conclusion.

A 
'A

O1
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Appendix A lists the computer programs and outputs from the

results of each radar problem of Chapter II.

The contents of Appendix B are similar to Appendix A but

deal with electronic warfare problems.

12



II. EQUATIONS AND FIGURES

The problems addressed here cover a wide range of ques-
tions that one might encounter in radar and EW. For example,

what detection probability is required? What is the maxi-

mum range given a radar's power and target RCS? What range

inaccuracies are involved when FM ranging and what problems

in doppler radar occur in terms of blind spots? What improve-

ments are gained from MTI radar in a clutter environment?

How can the radar receiver power be computed, as well as the

noise power, and signal-to-noise ratios? What are critical

parameters in an MTI-chaff discriminator? In a phased array

system, what is the beamwidth and phase shift between ele-

ments? These and many other problems are addressed.

Herein are the functional relationships in the field

of radar and electronic warfare which are used to solve

the problems in Chapters III and Iv. They are given with a

brief description in [Refs. 1,2,3].

Maximum Unambiguous Range:

Runamb = (1)

I-f p

where:

13
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V -

fp = pulse repetition frequency, Hz;

8
C = speed of light = 3 xlQ m/s.

The factor 2 appears in the denominator because of the two-

way propagation of radar.

Maximum radar range in terms of radar and target

parameters:

Pt G A e (
*R Rmax (470 2 S(2)

.mi n

where:

Pt = transmitted power, watts;

G = antenna gain;

Ae  antenna effective aperture, m 2

m .

2
.. radar cross section, m

Smin = minimum detectable signal, watts.

The radar equation (2) with some modifications becomes:

4 P G A pa n E. (n)av a (2a)
Rmax 4) k TO Fn (BT) f (S/N) L

on T p 1s

*. where:

14
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Rmax = maximum radar range, m;

G = antenna gain;

2
A = antenna aperture, m

Pa = antenna efficiency;

Sn = number of hits integrated

Ei (n) = integration efficiency (less than unity):3.
L = system losses (greater than unity) not

included in other parameters;

V = radar cross section of target, m

O Fn = noise figure;

. k Boltzmann's constant = 1.38 xlO23 J/deg.

TO  standard temperature = 2901k

B = receiver bandwidth, Hz;

T pulse width, s;

f pulse repetition frequency, Hz.4' p

(S/N)1 = signal-to-noise ratio required at receiver
output (based on single-hit detection).

Equation 2(a) is written in terms of power; it can also be

written in terms of energy with the following modifications:

(a) The energy in the transmitted pulse is

E."= Pa/f = pT
-E TP t

15
0m
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(b) The signal-to-noise power ratio (S/N)1 can be replaced
by the signal-to-noise energy ratio (E/No )i, where
E = s/T (received signal energy), and No = N/B (noise
energy).

(c) BT , and ToFn = Ts = system noise temerature.

Then, the radar equation 2(a) can be written as:
e61

E GAP anEi(n)R = (2b)
max 2L(4 1) kT )E/No ) Ls

Equation 2(b) is applied to rectangular pulses, and if matched

filter detection is employed, can be applied to other wave-

forms as well.

Thermal-noise power, generated by a receiver is:

N = k TB (3)
n n

where:

Bn = receiver's bandwidth, Hz;

Ts = temperature at which the noise power is
generated, degrees kelvin;

.k = Boltzmann's constant = 1.38 x10 2 3 J/deg.

Minimum detectable signal Smin:

S = k T 13 F (S /N (4)
min on n o min

where:

k = Boltzmann's constant = 1.38 xlO J/deg.;

T = standard temperature = 290 degrees kelvin;0

16
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B = receiver's bandwidth, Hz;n

F = receiver's noise figure;n

(S/N o) min = minimum ratio of output (IF) signal-to-noise
ratio, required for detection.

False alarm probability: Pfat

Pf = 1 (5)
Tfa xBIF

2

Vx T (5a)
fa BIF 2o

where:

Tfa = false alarm time;

BIF = bandwidth of the IF amplifier;

VT = threshold voltage

xo = noise voltage.

Number of pulses nB, returned from a point target, as the

radar antenna scans through its beamwidth is:

%"n n e B f p 8B f  (6
n~B O P- 6

S

where:

, eB = antenna beamwidth, deg.;.

f pulse repetition frequency, Hz;
p

it1"

O1

% S.



6s = antenna scanning rate, deg/s;

wm = antenna scan rule, rpm.

Integration efficiency Ei (n),

(SIN) 1

Ei(n) n(S/N)n 7

where:

(S/N)1  signal-to-noise ratio of a single pulse
required to produce given probability
of detection (for n = 1);

(S/N) n  signal-to-noise ratio per pulse required
n to produce some probability of detection

when n pulses are integrated at the same
Pd and PFA;

n = number of pulses integrated.

False alarm number, nf:

nf = f (8)

where:

Pfa = false alarm probability.

Collapsing loss, Li (m,n):

Li (m+n)

L (m,n) = i(n )  (9)
1 L.i(n)

where:

S.18



L (m+n) = integration loss for (m+n) pulses;

L (n) = integration loss for n pulses;

n = noise pulses;

m = signal-plus-noise pulses.

Doppler frequency shift, fd:

2u 2 u f
f r _ r o" = f (10)

d X c

where:4-.,

u r relative (or radial) velocity of target with
Ur respect to radar;

fo= transmitted frequency;

8c = velocity of propagation = 3 x 10 w/s

If fd" is in Hz, ur in knots, and A in meters, then

1.03uf = r(laf d (10a)

Beat frequency, fr

f = f T =- fr o c (

where:

f = rate of change of the corner frequency.

19
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Blind speeds, un:

U - 2Tf = n = 1,2,3,... (12)Un 2Tp 2

where:

f = pulse repetition frequency, Hz;

X = wavelength of radiated frequency, w.

If X is measured in meters, f in Hz, and the relative velocity
p

-', in knots, the blind speeds are:

n X f
U p n X f (12a)n 1.02 p

Clutter attenuation, CA:

0.5
CA = (13)

1 -exp(-2 2 T a )

where:

S= 3.14159;

T = time delay of the delay line;

a = rms frequency clutter spread.4<:c

If the exponent in the denominator of Eq. (13) is small, then

a f 2

CA = (13a)
f22'~ . 7T2 f2

0

20



where:

a = parameter dependent upon clutter = c 2/8C7
U

a = rms velocity spread;

f p pulse repetition frequency;

fo radar carrier frequency.

Improvement factor of 2 pulse canceller,

a f2

Ilc f 2 (14)

Improvement factor for a double delay line canceller

2 4a f
I 2c 4 4 (15)

"I 27T f
0

Power antenna gain,

G = P r GD (16)

where:

P = radiation efficiency factor;

GD = directive gain of the antenna.

The gain G, and the effective area Ae of a lossler antenna

are related by

4 1TAe A
G - 2 2 (16a)

21
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Ae = pA

SV.
*-, where:

X = wavelength of radiated energy, m;

A = physical area of antenna;

Pa = antenna aperture efficiency.

Also, the relationship between the gain and the beamwidth of

an antenna is given by

G 20,000 (16b)
6B 'B

where 8B,  B are half power beamwidths, in degrees, measured

in the two principal planes.

Array antenna radiation pattern,

G(e) = G (O)G (e) (17)

c a

where:

G (e) = element factor;c

*, Ga (8) = array factor.

Half power beamwidth,

eB " 0.886 (:J ; 6 =( 18 )
B- Nd Cos 0°

d 0

where:

X = wavelength, m;

22
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N = number of error elements;

d = distance that the array elements are spaced, m;

0= beam position off broadside.

Phase shift between adjacent elements of the array,

= 2r(d/X)sin 00 (19)

where d, X, e are defined as in Eq. (18).

Distance between radar and target along the line of sight,

d = /2kah1 + / (20)

-7 where:

a = earth's radius;

k = factor account for refraction due to a
uniform gradient of refraction,;

111,h heights of radar antenna and target, respectively.
12

- Power received from the clutter,

- P GA a
C = (21)

(4 T) R

4. S..

- .where:

Pt transmitter power;

G = antenna gain;

A = antenna effective aperture;

* R = range

'. ' c = clutter cross section.

23



N

Signal power returned from a target with cross section ot

P GA a
S - et (22)

(4,T) R

Range of a 0th radar,

P G G X2 GF2
4  av t r p c

(47T) N (S/N)L c

where: R = range;

P av = average power;

Gt  = transmitting antenna gain;

G = receiving antenna gain;
S.,= wavelength;

T = target cross section;

F = factor to account for the one-way propagation
effects;

T = coherent processing gain;c

No  = receiver noise power per unit bandwidth;

(S/N) = signal-to-noise (power) ratio;

Ls = system losses.

Cross over range,

P G B2'tr r o j(
-ssi p c B"-''-R 

(24
ss P ts G4 r S

where:

"tr = radar transmitter power;

24
S- t



Pt jammer transmitter power;

G = radar antenna gain;r

G. = jammer antenna gain;

= target cross section;

B. = jammer bandwidth;J

Br = radar signal bandwidth;

J/S = jammer-to-radar signal (power) ratio at the
output of the IF required to mask the radar
signal.

Jammer noise power per hertz at the radar,

P G. A
Ntj e (25)

6 4 r R B.
3

where:

A = effective receiving aperture of the radare antenna;

R = range of jammer from radar;

G. = jammer antenna gain;

B. = jammer bandwidth;

P tj jammer transmitter power.

6

25
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*Figure 2.12. Improvement factor of a three-pulse canceler
limited by platform motion (solid lines).
Effect of the DPCA compensation (dashed

- lines) . x is the fraction of the antenna
aperture that the antenna is displaced per
interpulse period. (x =0 corresponds to

* no platform imotion)
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.PV Figure 2.13. Power spectra of various clutter targets
(1) Heavily wooded hills, 20 mi/h wind blowing

0(a = 2.3 .1017);,(2) saely wooded hills,
calm day (a = 3.9 x l);()sea echo, windy
day (a = 1.41 x1016); (4) rain clouds
(a =2. 8 x 1015); (5) chaff (a =1 x 1016)
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Comparison of several types of spectral weighting functions:

TABLE 1

PROPERTIES OF WEIGHTING FUNCTION

Peak Mainlobe Sidebbe
- Weighting Function Sidelobe Loss width decay

_________._____db db (relative) function

Uniform -13.2 0 1.0 1/t
2

0.33+0.66cos (rZ/B) -25.7 0.55 1.23 1/t

cos (7Z/B) -31.7 1.76 1.65 1/t 3

Taylor (n = 8) -40 1.14 1.41 1/t

Dolph-Chebyshev -40 .... 1.35 1

2
0.08+0.92cos (rZ/B)
(Hamming) -42.8 1.34 1.50 1/t

B = bandwidth

41
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III. RADAR PROBLEMS

A. PROBLEM #1: DETECTION

Consider the design of a shipboard search radar. False

alram rate is an annoying problem for the radar operator.

Threshold detection is to be used. The bandwidth of the I-F

amplifier is BI-F = 4 MHz. Calculate the threshold-to-rms

noise voltage ( ) for a mean time between false alarms, Tfa' of:

a) 5 minutes

b) 50 minutes

. c) 500 minutes

Solution

From Eq. (2.26) (Skolnik, pg. 25)

T 1VT( 1)

T fa B IFexp2
OI. B0

where:

T = false alarm time;~. ' fa

B IF = bandwidth of the amplifier;

VT = threshold voltage;

2o rms noise voltage.

*- From Eqn. (1),

-~ 1/2
Vt//' °  = 202n(T fB V (2)

t 0 fa' IF'
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Substituting in Eq. (2) the values of Tfa and BIF we find for:

Part a:

- threshold-to-rms noise voltage: VT//' °  6.466 (numeric) or
T o

8.106 db.

Part b:

threshold-to-rms noise voltage: V // p 6.813 (numeric) or
t 0

8.333 db.

Part c:

threshold-to-rms noise voltage: Vt/siy = 7.143 (numeric) or

8.538 db.

B. PROBLEM #2: DETECTION LOSS

For a non-fading target, with probability of detection

Pd = 0.99 and a false alarm number nf 1012 with non-coherent

integration, find the collapsing loss, if

a) n = 10 and m = 10

b) n = 10 and m = 90

Solution

From Figure 2.8(a) (Skolnik, pg. 31) we can find the inte-

* gration loss for Li (m+n) and Li (n), since the probability of

detection Pd and the false alarm number n are known.

L.(m+n) = L.(10+10) = L. (20) 1.9 db

L.(n) = Li(10) 1.3 db
F i

CFrom Eq. (2.52) (Skolnik, Pg. 59),
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~L i (m+n)

L (m,n) = (3)i I  L i (n)

where:

Li (m,n) = collapsing loss;

Li (m+n) = integration loss for m+n pulses;

Li(n) = integration loss for n pulses.

Substituting in Eq. (3), the values of Li(20) and Li(10),

we get the collapsing loss,

Li (10,10) = 1.9 - 1.3 = 0.6 db or 1.14815 (numeric)

* Part b:

From the same Figure 2.8(a), we can find that

Li (m+n) = Li (90+10) = Li (00) = 4.1 db

Li(n) Li(i0) = 1.3 db

Substituting in Eq. (3) the values of Li (100) and Li(10) we

get the collapsing loss

T Li (90,10) 4.1 - 1.3 = 2.8 db or 1.905 numeric.

C. PROBLEM #3: MAXIMUM RANGE

A pulse radar uses a magnetron with a peak power Pt 1.0

Mw, a pulse width T = 1.0 ps, and a pulse repetition frequency

f 250 Hz. It operates at = 10 cm, and the effective

2
- antenna aperture A = 200 m Ten pulses are integrated after
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detection. The receiver noise figure Fn = 10 db and it has a

noise bandwidth B = 1.0 MHz. Plumbing losses L = 3.0 db andn p

the beam shape Lbs = 2.0 db. Exponential (continuous) integra-

tion is used, resulting in a reduction by a factor of 0.85 in

the integration efficiency. Threshold detection is used with

-9a false alarm probability Pfa = 10

a) Find the maximum unambiguous range

* b) Find the maximum range for a detection probability
Pd = 0.99 on a target with Gav = 1 m2 average cross
section, if fading follows the Rayleigh power distri-
bution law and occurs from pulse to pulse (case 2).
Assume there is no atmospheric attenuation.

Solution:

From Eq. 1.2 (Skolnik, Pg. 3) the maximum unambiguous

range is

R c
Runab - 2f (4)

P

where:

8
c = velocity of the light = 3 xlO , m/s;

f = pulse repetition frequency, Hz;
P

so,

R 3x108 5R= 2 x 18 - 6 x 10 m = 600 km.unanib 2 x 250

Part b:

From Eq. 2.54 (Skolnik, Pg. 62) the maximum radar range

is given by the formula,
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R R4 av GA p a nE. (n)maxl (5)

max = (4T)2 kT 0 Fn (B nT) f p(S/N) Ls

where:

Rmax maximum radar range, m;

G = antenna gain;

2
A = antenna aperture, m

Pa = antenna efficiency;

n = number of hits integrated;

E (n) = integration efficiency (less than unity);

L = system losses (greater than unity) not
included in other parameters;

a radar cross section of target, m 2

nF noise figure;

k =Boltzmann's constant = 1.38 xlO- 2 3 J/deg.;

T = standard temperature = 290 k;
B n receiver bandwidth, Hz;

T = pulse width, seconds;

5:'. f = pulse repetition frequency, Hz;

(S/N)1  = signal-to-noise ratio required at receiver
output (based on signle-hit detection).

From Eq. 2.43 (Skolnik, Pg. 52),

Pay = t tf ( 6)

U where:

iav = the average radar power, w;

r.= the average transmitter power, w;
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T = pulse width, s;

fp = pulse repetition frequency, Hz.

From Eqn. 7.9 (Skolnik, Pg. 227),

4TrA e  4rp a A
G = X - 12(7a)

A

A = Ap a (7b)

where:

A = effective area;
e

A = physical area of antenna;

P = antenna aperture efficiency;

X = wavelength.

The total system losses are:

Ls  Lp L (8)p bs

where:

Ls = system losses, db;

Lp = plumbing losses, db;

Lbs beam shape, db.

So,

L = 3 + 2 = 5 db = 3.1622

*" From Fig. 2.7 (Skolnik, Pg. 28), the signal-to-noise ratio

(S/N) 15.9 db, for probability of detection Pd = 0.99
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and false alarm probability Pfa = 1 0 -  From Fig. 2.23

(Skolnik, Pg. 48) the additional signal-to-noise ratio

(S/N)ladd 17.2 db for case 2 and Pd = 0.99. So,

(S/N) TOT= (S/N) 1 + (S/N)ldd (9)

so (S/N)ITOT = 15.9 + 17.2 = 33.1 db or 2041 (numeric).

From Fig. 2.24 (Skolnik, Pg. 49) the integration improvement

factor Ii (n) = 25 db = 316.22 (numeric),

I (n) = nE (n) (10)
1 1

* where:

Ii (n) = integration improvement factor, db;

Ei (n) = integration efficiency;

n = number of hits integrated.

From-Eq. (10),

p. E (n) = I (10a)
1 n

. and because we have a reduction by 0.85 in the integration

efficiency, Eq. (10a) becomes

I. (n)
E. (n) = 1 ×0.85 (10b),*... 1 n

so

E 316.22
Ei(n) 10 x0.85 = 26.537
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Now substituting Eqs. (6), (7a), (7b), (8), (9), (10) in

Eq. (5), and simplifying, we get

PA 2  n E (n) 0.85 1/4
Rt e i

Rmax (2(
(4 ) k to Fn Bn X (S/N)TOT s

(1 x106 )x(200) 2xlx26.537x10

(47)xl.38x10-2 3 x290x10x(l x10 6)x(0.1) 2x2041.73x3.1622

= 758.57 km

D. PROBLEM #4: FM-RANGING, DOPPLER

* A CW FM radar operates at fo = 10.5 GHz. The frequency

increases at a rate fo = 2 GHz/sec for T = 990 microseconds,

and then returns to its original value in Tr = 10 microseconds.

a) Calculate the frequency shift of the echo from a target
at a range R = 5000 yards

b) Calculate the range error due to doppler shift if the
closing rate of the radar and target U = 25 ft/sec.'- r

Solution:

From Eq. 3.10 (Skolnik, Pg. 82)

f = f T (11a)•r 0

f f 2R/C (1lb)r 0

where:

fr = the beat frequency due to the target range;

f 0 = rate that the frequency changes;

T = rate that takes an echo signal to return;
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R = target range;

C = speed of light 3 x 10 w/d.

So, from Eq. (11b) the frequency shift is:

f 2 x 1 x 2 x 5.000 x 0.914 60.933 kHzr_] 3 x 108

Part b:

From Eq. 3.2(a) (Skolnik, Pg. 69)

2u
f r (12)

where:

f d = doppler frequency shift, Hz;

Ur = relative velocity, m/s;

x = wavelength of radiated energy, m.

So, from Eq. (12),

f 2 x 25 x 0.305 x 10.5 x 533.75 Hz
d 8". 3 ×108

The range error is given by the

R x f
-AR f (13)
r

So,

., 5000 x 533 .75AR 5 " = 43.798 yards = 40.03125 m

60.933 x10 3

or 0.4% m = 0.4379% yards.
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E. PROBLEM #5: BLIND SPOTS IN DOPPLER

I A 9 GHz radar operates with a pulse width T = 1 lis and a

PRF f 1000 Hz.

a) What is the first blind speed?

b) A jet aircraft is flying U = 600 knots. If the above
radar detects the aircraftfiwill there be a doppler
ambiguity? Explain.

Solution:

From Eq. 4.8 (Skolnik, Pg. 108)

Xf
U = 2 (14)

* where:

SUlbl = the first bline speed, m/s;

X A = wavelength, Hz;

f = pulse repetition frequency, Hz.

So, the first blind speed is

f 8i"_ C p _ 3 x 10 x i000
U F 2 2 3 ×10 = 16.66 m/s = 32.36 knots

Ulbl f22 x 9 x 10~

Part b:

Since Uair 600 knots > U 32.36 knots, there will be

a doppler ambiguity.

F. PROBLEM #6: MTI

A 1000 Hz PRF radar with a clutter spectral width 0 = 0
C

1Hz, uses a 3 pulse delay line canceller, with optimal weighting.

JWhat is the MTI improvement factor in db?

-~ 510 ..'
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Solution:

Clutter spectral width = c _ 10 = 0.01 (15)
radar PRF f 1000 "

p

From Figure 4.25 (Skolnik, Pg. 124) the MTI improvement factor

I = 55 db, for a 3-pulse delay-line canceller, with optimum

weights, and -c/fp = 0.01.

G. PROBLEM #7: POWER, NOISE POWER, S/N

The followiny data for a pulse radar is available:

Peak power p = 200 kw;Pp

Pulse repetition rate r = 300 Hz;
@ p

Pulse width T = 60 microsec;

False alarm time Tfa = 2.2 hrs;

Receiver noise figure rn  65 db;

- .- Transmitter frequency, f = 400 MHz;
0

IF: F = 120 MHz;

IF bandwidth: B IF = 1.25 MHz;

Antenna power gain: G 21 db;
a

Minimum detectable signal MDS= -115 dbm.

a) What is the average output power?

b) What is the noise power? How does it compare to the
minimum detectable signal? What is the rms threshold
power to noise ratio if no pulse integration is performed?

c) For a target of u = 1 sq. m cross section which fluctu-
ates from pulse to pulse according to the one-plus-
Rayleigh power distribution, what is the minimum signal
to noise ratio required to achieve a probability of
detection if n =30 pulses are integrated after
post-detection?
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-" d) Use (S/N)min = 4 db as the answer to the above problem
instead of the solution you obtained. Assume the total
system losss Ls = 1 db. What is the maximum range of
the radar for the detection of the target described
above with probability of detection Pd = 0.5?

e) If the radar has a minimum range R = 10.5 km, what is
its approximate TR recovery time?

Solution:

Part a:

From Eq. 2.43 (Skolnik, Pg. 52) the average output power

may be written as:

p = p x T x f (16)
av p p

where:

P = peak power, w;
p

T = width of the transmitted rectangular pulses,
sec.;

f = pulse repetition rate.
p

So,

P = (200 xl03 ) x (60 x10 - ) x 300 = 3.6 kwav

Part b:

From Eq. 2.2 (Skolnik, Pg. 18) the noise power Nn generated

by a receive of bandwidth BIF at a temperature T (degrees

Kelvin) is equal to

N = k T BIF (17)
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where:

, -23
k = Boltzmann's constant 1.38 xlO J/deg.;

T = 2900 Kelvin (room temperature).

So,

- 236 1
N n (1.38 x 0- 2 3 ) x 290 x (1 .25 xl0) = 5 x 10 - 1 5 watts

- -113 dbm.

The noise power N n  -113 dbm > MDS = -115 dbm.

From Eq. 2.26 (Skolnik, Pg. 25) the threshold power to noise

ratio is equal to

2

2? T = n n(T fa XBIF0

where:

Tfa false alarm time;

BIF = bandwidth of the amplifier;

VT = threshold voltage,

.i rms noise voltage.

L0

So,

2
VT 9

i - Zn(22 x 3600 x 1.25 x1 ) Zn (9.9 xli ) = 13.6 db2 o
0

54
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Part c:

From Figure 2.7 (Skolnik, Pg. 28), for probability of detec-
1

tion P = 0.5 and false alarm probability Pfa = Tfa xBIF1 - 10lTa I

2.2 6 0 10, the signal-to-noise ratio.~ .22 x 3600 x 1. 25 x 106

(S/N) 1  13.6 db.

From Figure 2.23 (Skolnik, Pg. 48) the additional signal-to-

4hV noise ratio for one pulse is (S/N)lodd = 1.0 db. So,

(S/N) 1TOT = (S/N) 1 + (S/N) lodd 1 3.6 + 1.0 = 14.6 db

. (case 4).

0 From Figure 2.24 (Skolnik, Pg. 49) for Pd = 0.5 and for

n = 30 integrated pulses the integration improvement factor

I i (n) = 11.4 db.. ( S/N ) ITOT

The minimum signal to noise ratio (S/N)3 0  I.(n)

14.6 (db) - 11.4 (db) = 3.2 db.

-Part d:

The basic radar range equation may be written as:

2 2

4 t a
Rmax-= (19), ax (4 ) 3 k T BIF F(SIN) 30L s

A simple way to handle the mathematics is to convert all of

the factors to db and then add and subtract.

Numerator

3
SPt= 200 x 10 watts = +53.0 dbw

2
* G =2 x 21 db = +42.0 db
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S4"

2 3 6) 8 0.5625 -12.5 db (negative

400 x17 because of
characteristic)

= 1sq. m + 0.0 db

Z N +92.5 dbw

Denominator

3
(4r) = 3 x0.97 db = + 32.9 db

kT0  4 x10- 2 1 W/Hz - 204 dbw
o6

BIF = 1.25 xlO 6 Hz + 60.9 db

F n 6.5 db = + 6.5 db"-' n

(S/N)3 0  4 db = + 4.0 db

Ls  = 1 db = + 1.0 db

- -98.7 dbw

N 1 1

R = -EIN - ED] -1[ 9 2 .5 - (-987)] 47.8 db
. ,,m a x 4

= 60.25 km

Part e:

The recovery time is equal to

T 2R- -2 x10.5 x 1 60 x 106 10 vsec.
Sc 3x10

'-

-,
or
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H. PROBLEM #8: MTI-CHAFF DISCRIMINATOR

A 6 GHz, 1000 Hz PRF MTI radar uses a double delay line

canceller against chaff. What is its improvement factor in

db?

Solution:

The improvement factor, for a double canceller is given in

Eq. 4.26 (Skolnik, Pg. 133) and is equal to:

"a' 2 f 4

I2c = (20)

0

where:

f = the pulse repetition frequency, Hz;p

fo = the operating frequency, Hz;

T = 3.14159

a = parameter dependent upon clutter.

2 2 8
The parameter a = c /8a u where c = 3 x1 m/s, au  the rms

*velocity spread.

From Figure 13 (Skolnik, Pg. 16-17), the rms velocity

spread varies from aUl= 0.4 m/s to a = 1 m/s, so

2 8216
c (3 x 108)2

S- 7 x 10 and
8 aUl 8 x (0.4)

2 82''"C (3 x 106
a 2 =1. 125 x 10

8 U2 8 (1)
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So, the improvement factor for a = 7 x10 16 is

a2 f4  16 2 4
1 p (7 x 10 ) x (1000)

2c 4 94
. 1 2T4 f 2 x r x (6 x 100

= 1.94 x 10 = 43 db

and for a2 = 1.125 x106 , is

16 2 4
(1. 125 x ) x (1000) 501.18 27 db

2c2  2 x4 x (6 x10

*So, the improvement factor is from 43 db to 27 db.

I. PROBLEM #9: MTI-CHAFF-CLUTTER DISCRIMINATOR

Find the approximate reduction in the improvement factor,

I, in db from the near ideal case, when the PRF f = 300 Hz,

and the clutter doppler frequency is shifted on the average

by fe = 30 Hz and the rms clutter spread is approximately

c - 3 Hz. Assume a three pulse canceller.

Solution:

* The rms clutter spread 3 3 0.01.
pulse repetition freq. 300

Also, the

mean freq. of the clutter spectrum _ 30 01
pulse repetition freq. 300

So, from Figure 4.34 (Skolnik, Pg. 141) the reduction of the

improvement factor I = 24 db, for the near ideal case and for

three pulse canceller.

58
S'

J4



J. PROBLEM #10: PHASED ARRAY-BW

The radar AN/FPS - 108 (COBRA DANE) is designed to scan

up to 60 degrees off the antenna center axis. Assume the

separation between two adjacent active array elements d = 210

cm and the radar is operating at fo = 1250 MHz. The diameter

of the phase array antenna is D = 29 m.

a. What is the phase difference between two array elements
along the horizontal direction if the antenna is
steered along this direction, 10 degrees off center?

b. What is the beamwidth at this angle, if each array
element has the same output power?

Solution:

* Part a:

In order for the main beam of the radiation pattern to be

positioned at an angle eo = 100, the phase shift between

adjacent elements of the array must be:

d
= 2 7 sin 8 (21)x0

where:

d = separation between two adjacent elements, m;

A = wavelength, m;

degrees of center, of the position of the
antenna.

W So, the phase difference between two adjacent array elements

L -. 2 •-.0.2 •1250 - 106
8 sin (10) = 52.090 (0.9 radians)

3 108

% % %
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Part b:

From Eq. 6.13 (Skolnik, Pg. 284) the half-power beamwdith

is equal to:

Be 0.866 A (22)

B N d cosG 0

where:

N = number of elements = 1;

d = diameter of phase array antenna, m;

= degrees of center, of the position of the

antenna;

= wavelength, m.

So, the beamwidth at eo = 100, for the same output power of

each array element is equal to:

0.866 x 3 x 108 -3a) OB  = 16 = 7.28 x 10 radians

1 x 29 x 1250 xl1 xcos 10

- 0.4170

K. PROBLEM #11: PULSE RADAR-RMAX

Estimate the maximum range R for the following pulse
max

radar system:

Antenna gain G = 21 db;

Peak power Pt = 2 MW;

Frequency f = 500 MHz;
0

Ambient Temperature T = 62 0 F
a

4 Receiver bandwidth B = 1 MHz;
6n
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Target: Jet airliner with a= 5 m ;2

Receiver noise figure F = l0dbw;

Pulselength T = 3 microsec.;

Ii (n) = nE i (n) 16.5 db.

It is desired that the probability of detection be at least

90% and that the false alarm rate not exceed 10- . Assume

system losses are compatible with an airport surveillance

radar system Ls = 6 db.

Solution:

The basic radar range equation may be written as:

2 2P G2  2  n E.(n)
4t m 0 1Rmax 3 (23)
x. (4r) k T B F (S/N) L

o n n 1 s

For the numerator:

6
Pt 2 x10 watts = + 63 dbw

G = 2 x21 dbi =+ 42 db
T] 2 2

S=0.36 m = -4.4 db
o 5m2 + 7.0 db

E nEi(n) = 165 db = + 16.5 db

Z N + 124.1 dbw

Denominator:
3

(4m) = 3 x10.97 db = + 32 db

-21
%W4kT 0  4 x10 w/Hz =-204 dbw

L . 6
Bn  10 Hz = + 60 db

n 10 db + 10 db
.
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(S/N) 1 = 15.4 db + 15.4

L =6 db - + 6 db
S

Z D= -79.7 dbw

mhax - ![ZN - ED] = '[124.1 - (-79.7)]

203.8 d = 51 db
4

R = 122.5 km = 67.2 n. miles
max

L. PROBLEM #12: TWS, PROBABILITY OF DETECTION

The AN/SPC-10 radar has the following operating parameters:

Frequency 5600 MHz

Power (peak) 200 Lw

PRF 625 Hz

Pulse width 1.4 microsec.

Antenna scan rate 16 Hz

Azimuth beamwidth (3 db) 1.5 degrees

Antenna gain) 33 db

Receiver noise bandwidth 1 MHz

Receiver noise figure 9.88 db

System losses (ahead of receiver) 5 db

False alarm time 2 days

d Antenna noise temperature 75 degrees K

PPI display + operator

(a) Calculate the number of hits/scan on a point target

(b) Determine the single pulse S/N in db required to achievex a detection probability of 0.95
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(c) Determine the integration improvement factor

(d) Calculate the minimum detectable signal power in dbw

(e) Calculate the peak effective radiated power in dbw

(f) Calculate the effective area of the antenna in square
meters

(g) Calculate the maximum free space detection range in
km for a detection probability of 0.95 (with false
alarm time = 2 days) on a 0 dbsw non-fluctuating point
target

Solution:

Part a:

The number of pulses n B returned from a point target as

* the radar antenna scans through its beamwidth is

6B 15 60
nB - 2 x 180 Ts fP (---) x (1-) x (625)

- 9.77 hits/scan

Part b:

The probability of false alarm is

Pfa T 1 1 6 58 1012
fa IF (2 x 24 x 3600 sec) (10 Hz)

From Figure 2.7 (Skolnik, Pg. 28) the signal-to-noise (power)
-12

ratio is (S/N)1  16 db for P 0.95 and P = 58 xlO1d fa

Part c:

From Figure 2.8(a) (Skolnik, Pg. 31), incoherent integration

of 9 pulses gives I (9) = 7 = 8.4 db.
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Part d:

The minimum detectable signal power is given as

-23 6
MDS k T O BFn 138 Xi0 x290 xl0 x9.727 = -134.1 dbw

Part e:

The peak effective radiated power is equal to:

Peff =P G (24)

where:

Pt = 200 x 103 N 53 db (transmitter power);

Gt = 33 db (antenna gain).

So,

Peff = 53 + 33 = 86 dbw.

Part f:

The antenna effective area is equal to:

2 - 2 2
A X- xG (5. 35 x 10 x 2000e TT4 T

0 2

A = 0.456 m 2 -3.4 dbsme

Part g:

The maximum radar range R is equal tomax

P G A o I. (n)
t t e i-,R Ta + T (25)

mx (4-T)2 k To  T Bn (SIN) 1Ls°I
0
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2
(1) 10 log1 0 (4) 22 db

T +T
(2) 10 log( a e 10 75+2530) = 9.53 db

T 2900

10 log 0 (Rx) [86 dbw -3.4 db + 0 dbsw + 8.4 db]

- [22 db -3204 + 9.53 + 60 + 16 + 5]4

10 max= 182.5 db

Rmax =104.56 = 36,307 m.

So,

Rma x  = 36.3 km (P = 0.95 on 0 dbsw target)

M. PROBLEM #13: RECEIVER'S BANDWIDTH

A 10 GHz CW doppler radar of single sideband superhetero-

dyne design, has the block diagram shown in Figure 3.4, pg. 75

of [Ref. 21. The radar is to be designed to measure the speed

of vehicles with RCS = 10 dBsm traveling at velocities up to

100 mi/hrs at ranges up to 1/2 miles. For reliable operation,

a signal-to-noise ratio and 15 db is required at the output of

the IF amplifier. The receiver noise figure is F = 7.25 db,

plumbing loss is 2 db and T = 300 degrees K. The transit

and receive antennas have gains of 20 db each.

(a) Calculate the required receiver bandwidth

(b) Calculate the required receiver input signal power in
dbm

% M
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(C) Calculate the one way free space loss in db for a
-. target vehicle at a range of 1/2 miles

(d) Calculate the required transmitter output power

Solution

Part a:

Urmax = 100 mi/hrs 44.72 m/sec

2U o×o 2 x44.72 xlo1 0 Hz
fc 3x 108= 2981 Hz

B = 2f = 5962 Hz GkHz

* Part b:

The receiver input signal power is equal to:

T +T
S - k(T a +T e)B(S/N)ou = k T 0a e)B(S/N)outin aoe ut O

(1) kT = -174 dbw/Hz
o0

T +T( a e 300 +1250
(2) T 290 5.34 7.28 db

00 (3) B =6 kHz =37.8 db Hz

So,

S = -174 + 7.3 + 37.8 + 15 = -114 dbm.

Allocate 1/2 of the plumbing loss to the receiver (1 db).

Taking this into account, we would require

S = - 113 dbm.
in
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Part c:

The one way free space loss is equal to

4R24, 805 m) 2

Lb  10 og ( R) 10 log()=f x lo 1 0  0.03

Lbf= 110.6 db.

Part d:

The required transmitter output power is:

Pt= e - G + (2L - G -G t ) (26)

.. G = 10 log1 0  = 41.4 db

So from Eq. (26) we get

Pt = - 113 dbm - 41.4 db + (2 xl10.6 - 20 - 20)

SPt = 26.8 dbm

If we assign the remaining 1 db of plumbing loss to the trans-

mitter, we obtain

Pt 27.8 dbm = 603 m Watts.

N. PROBLEM #14: BLIND SPEED--MTI

S" An 1 GHz MTI radar operates with a 4 period stagger Tl:T2:

T3:T4 = 25:30:27:31 and T = 0.001 sec. Calculate the periodsavg

TI T4 and the first blind speed in knots.
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Solution:

T1 + T2 + T3 + T4 T avg 10-3'* 4._ _ _ _ _ _ _ _ = 10 sec (27)

25 _ 30 _ 27 31T1 T2 T3 = T4 ( 28 )

Substituting Eq. (28) in Eq. (27, we have

25 30 27 31 -3
25 T1 + - T1 ++- T1 = 10

25 25 25T 25

113 T1 -3
100

.' V

* Ti = 884.96 Psec

T2 = 1061.9 psec

T3 = 955.76 psec

T4 = 1097.35 psec

The first blind speed is (in knots)

P f (25 +30 +27+ 31)) 0.3 x3 8309 knots
1 .02 4 1.02

0. PROBLEM #15: MTI WEIGHTS--DELAYS

An MTI radar operates at a frequency 1 GHz with PRF = k

KHz.

(a) Calculate the first blind speed in knots

(b) Sketch a block diagram of a 4 pulse canceler for this
/._ radar. Show correct weights and delays

(c) Calculate the clutter rejection in db at a frequency
of 25 Hz for the 4 pulse canceler

68



(d) If a target with a radial velocity of 200 knots is
viewed with this radar, of what frequency will the
bipolar video fluctuate?

Solution:

Part a:

U Xf 3 x10 x 1000 2
lbl 1.02 10 294.11 knots

Part b:

-3
TI = T2 = T3 = 10 sec

• -)i-i nI
'n (-i)= 1,2,3,4

'-* (n-i+l) I (i-l) : n

311= 1W1. 3!0!

1 3!*I w2 = (-1) 2-. = -3
W2 ~ 2111 -

w3 = 2 3,-~i -__= 3
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Part c:

The relative response of the 4 pulse canceler is

H(f) 3H(f /2) sin (TrfT)H ( fp/2 )

For Fd = 25 Hz, the clutter rejection is

- 20 iogl0 sin 3 
Tr 25,

log 0 -1000 = -60 log(.078)

' • Re 66.3 db

ejection

Part d:

The bipolar video fluctuates at the doppler frequency

2U f

if U r is in knots,

1.03 U
fdi = r _ 1.03 x 200

f 686.7 Hz

1W.

bd
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IV. EW PROBLEMS

A. PROBLEM #1: DETECTION RANGE, UNAMBIGUOUS RANGE

A shipboard surface search radar has the following

characteristics:

Frequency f0 = 5600 MHz

Pulse width (long) Tk = 1.3 s

Pulse width (short) Ts = 0.25 s

Power output (peak) P = 200 kwt

PRF f = 650 Hz
p

Bandwidth (long pulse) B 1 MHz
re

Bandwidth (short pulse) B 5 MHz
rs

Antenna scan frequency Wm = 16 RPM

Azimuth beamwidth B= 1.50

Elevation beamwidth eB = 140

Antenna noise temperature Tu = 75 degrees k

False alarm probability p = 1E-11

Receiver noise figure F 10 dbn

The radar polarization is linear and deflections are made by

an operator using a PPI display.

(a) Calcualte the maximum detection range for a 1 square
N" meter non-fluctuating target, assuming that a detection

probability Pd = 0.95 is required. Neglect the effect
-of reflections from the sea surface

(b) Calcualte the maximum unambiguous range of the radar

(c) Calculate the range at which an aircraft with RCS = 10 dBsm
will be detected with Pd = 0.95. Assume the target is
non-fluctuating and the radar is operating in the long
pulse mode.
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(d) Assume the radar antenna is 50 ft above the sea surface.
For the case where the above aircraft is at the maximum
detection range, calculate the minimum altitude at
which the radar can see the target in a standard
atmosphere

(e) Suppose that the radar signal is received by the air-
craft above using a circular polarized antenna with
0 db gain. What is the single pulse power (in dbm)
at the antenna output terminals, when the aircraft
is at the maximum detection range? (Assume system
loss Ls = 3 db)

4. (f) Calculate the camouflage factor c, for this radar as
given by Boyd et al., for the long pulse mode

(g) Suppose the aircraft above carries a noise jammer and
transmits a 30 MHz, circular, polarized spot noise
signal, covering the radar passband

Assuming a J/S = 5 db is required to work the target,

calculate the Jammer output power required to achieve a 10

nuatical miles burnthrough range, when the radar is operated

in the long pulse mode, if a 0 db gain jamming antenna is used.

* Solution:

The maximum detection range is equal to

Pt G A a n E. (n) 1/4SR = 2 a e 1 1
max (4iT) k T +T ) B (S/N)imax

a e n imax

where:0
. = 3

(1) Pt peak output power = 200 xlO

(2) G = antenna gain = 41250 = 41250
a 0B B 14 x 1.5

= 1964 = 32.9 db

72



a2

(3) A antenna aperture a a f
e 4 ar f c a

0

3 xlO8 1964 20449w2

5600 x 0 4Tr

(4) = radar cross section of target = 1 m
2

il_ BfpTs

(5) Number of hits integrated - 2 s

1.5 -1 60
S36-0 x(650 sec (-)sec = 10 pulses

(6) From Fig. 2.8(a) (Skolnik, Pg. 31), nE (n) = 1(10) = 7

(7) T = effective noise temperature = (Fn -1)T

where Fn = 10 db = 10 (numeric) and T = 2901K, the

standard temperature. So

Te = (10-1)290 = 26100 K.

-23 6(8) k(T +T )B = 1. 38 x 10 (75 +2610)10. -' 8) k(a + e)B re.

= 3.7 l0- 14 watts (long pulse)

(9) (S/N)1 = signal-to-noise ratio required at receiver
output = 16 db = 39.8 (numeric) from
Figure 2.7 (Skolnik, Pg. 28).

Using Eq. (1), we find that the maximum range is

Rm (2 xlO w) (1964) (0.449 w2 ) (1 w 2 ) (7)Rmaxk = 2 -14(4 T) (3.7 x10 w)40

- 47.9 km for the long pulse, and
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and

B 1/4 1/4

maxs maxz(W t  = 47.9(i/s) = 32.08 kmrs

for the short pulse

2
So, for a = 1 m and Pd = 0.95,

Rmax = 47.9 km (long pulse)

axR = 32.08 km (short pulse)• ' max"

* Part b:

The maximum unambiguous range R is equal to
U

, . - 8
_ 3 x108

R = = 2.650 - 230.77 km2f p 2.650

Part d:

For a a 10 m2 target, the detection range will be

101/4 = 1.78 times greater than that for a u = 1 m target.

So, the range at which an aircraft will be detected with

a = 10 m , Pd = 0.95 will be

."- .- ~
IA.

R = 1.78 xR = 1. 78 x47.96 = 85.36 km
max

Part d:

The distance between radar and target along the line of

sight is:

*1i do  = V/2h + /2 2  (2)
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where:

hlh 2  heights of radar antenna and target,
respectively;

h = 50 ft;

d = 85.3 km = 52.9 miles.0

So, from Eq. (1) ,

/2 x50 + /2h = 52.9 or h2 = 923.77 ft,

is the minimum altitude at which the radar can see the target.

Part e:

The single pulse power at the antenna output terminal is

Pt G x 2 G
p t a r (3)

r (4 ) R2  (4 r) LP

where:

(1) Pt = peak output power Pt = 200 kw

(2) Ga = antenna gain (calculated in part a)
= 32.9 db = 1964 (numeric)

(3) Gr receiver antenna gain = 0 db = 1 (numeric)
L

" "3 x 10 8

(4) x = wavelength = c/f0  5 x 0 0.0526 m
5600 x 10

S (5) R range at which an aircraft will be detected with

RCS = 10 m 2 (calculated in part c) = 85.3 km

(6) L = system losses = 3 db = 2 (numeric)
P
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Using Eq. (3),

P (2 xl10 w) (1964) (0.0536) 2(1) -- 33.082 dbm
r (4 T) 2(83.5 xl 103M) 2(2)

Part f:

The camouflage factor c is

c4 f 2 )__ _ _ _ 1/ 3

Ye Bre

where k =1640 or 400, T e =Pulse width (long) =1.3 is

From Eq. (4), we get

1 1 (1 2 1640~

1(1.3 x106 x106 60 13 -2 6d

_______ 2 x (650)1/3 -4.7 db

{1.3 xl10 x 10

Part g:

The jammer output power P. is equal to:

*P. P t Ga ug2LpC(5)

4rrR 2B C.B rej

where:

5
(1) Pt -peak output power =2 x 10 watts;

3
(2) RB = Burnthrough range inm = 18.5 X10m

(2) RB2

(3) a = target radar cross section =10 m2
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(4) Ga = is the antenna gain = 1964 (numeric)

(5) L = system losses = 2 (numeric)P

(6) C = J/s = 15 db = 31.6 (numeric)

(7) B re= bandwidth for long pulse = 106 Hz

(8) Br = Freq. the jammer transmits = 30 x106 Hz

(9) Cj = gain of the jamming antenna

(10) g = propagation factor (Assume = 1)

From Eq. (5), we get

. (2 ×x105 w) (1964) (10 m 2 ) (2) (31.6) = 5.77 w/MHz

4Tr(18.5 x103 m) 2(1 MHz)(1)

or P. = .197 w/MHz for Br = 30 MHz

B. PROBLEM #2: ARRAY BROADSIDE POWER GAIN

The AN/SPS-85 is a multifunction phased array radar used

for search and track of missiles and satellites. The operating

frequency f0 = 442 MHz and the transmit antenna is d1 xd 2 =

26.9 x26.9 m rectangular array of N = 5184 elements. Assume

that the illumination efficience of this array pi = 0.65 and

that the feed and phase shifter losses amount to pR = 1.8 db

for each element.

(a) Calculate the array broadside power gain

(b) Estimate the (pencil) beamwidth

(c) Calculate the spacing between elements assuming that they

are uniformly spaced
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(d) Calculate the directive gain of an element

(Hint: Assume uniform illumination when making this calcula-
tion and use the pattern multiplication theorem.)

Solution:

Part a:

The array broadside power gain G is equal to

G = e (6)
4A e

where A = wavelength - -18 = 0.678 mSo 442 x 106

Ae = antenna effective area = PiPRA

where:

pi = illumination efficiency of the array 0.65;
~- 18

= phase shifter losses = 10 = 0.66;

2
A = area of the antenna = 26.9 x26.9 = 723.6 m

So,

2A = (0.65) (0.66) (723.6) = 310.4 me

Using Eq. (6) with the above values we get

A - (4 ) (310.4) - 8476.75 (numeric) 39.28 dbe (0.678)
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Part b:

The beadmwidth is given by

41250 1/2 41250 1/2
G P/== [8476.75 1.80

0.66

Part c:

The spacing between elements, assuming that they are uni-

formly spaced is

d d = 26.9 0.374 m = 0.55X

Part d:

The directive gain of the array is equal to:

G darray G delem G dgroup (7

where:

Gdgroup = 5184;

Gdarray = 12795

So

Gdee -Gdarray = 12795 2.47 = 3.9 dbG dee =Gdgroup 5184 " "

C. PROBLEM #3: JAMMER'S REPEATER GAIN, JAMMER'S OUTPUT POWER

A conical scan radar missile seeker has the following

parameters:
4-
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output power (peak) Pt = 1 watt

Boresight antenna gain Ga = 38 db

Antenna polarization linear

Frequency f0 = 93.7 GHz

RF losses L = 3 db
p

Receiver noise bandwidth B 500 MHz
n

Receiver noise figure F = 11 db
n

Pulse width T = 50 ns

PRF f = 100 kHz
p

integration time Ti = 50 msec

The clear weather attenuation at this frequency At = 0.4 db/km

and the sky temperature for cloudy conditions Ta = 270 degrees K.

A repeater jammer is to be designed to protect a target with

RCS = 14.8 dbsm.

(a) Calculate the maximum unambiguous range for this seeker

(b) The jammer uses circular polarized antennas with 10
degree pencil beam. Calculate the repeater gain
required to realize a J/s of 10 db

(c) Calculate the jammer output power required at a range
R = 1 km

(d) Assume that the seeker antenna has RF losses RFL = 1 db,
an illumination efficiency ri = 60%, a crossover loss
Lco = 1 db and a pencilbeam pattern which is approxi-

*[ mately Gaussian in shape. Calculate the diamter of
the seeker dish antenna

(e) Calculate the squint angle

Solution:

Part a:

The maximum unambiguous range is equal to
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R = c - 1.5 -xlO 5kw/sec -1.5 kmn
_ 2f __5x o

u p 10 Hz

Part b:

For the calculation of the gain of the repeater we have

St P t Ga (8)
4 TfR

and

if Pt Ga e-aRAeGeGawts(9
PG ae A G GPt Ga e e a

J' 2 L2  watts (9)

Substituting Eq. (8) into Eq. (9), we get

A G G
St e e

- Lp a

or
2

if a
Ge-= (L) __ (10)e ~ 5 A eGa~e a

for 10' beam - G 41250 = 412.5 = 26.2 db
10

_ 1 (32 31 2 i-4 2

A X 2 G (3.i2 x 10 M) 412.5 = 3.36 xl4 m
e 4 Tr 4 7T

2 2:""(10) (2)2(30.2 m
G ( " - 8716 or 39.4 dbI-e -4 2e- (3.36 x 10 m ) (412.5)

Part c:

* The jammer output power at a range R = 1 km is given

as:
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P G e - aR Aout 4t aG (11)

where:

Pt = output power (peak) = lw;

Gt = boresight antenna gain = 38 db 6310;

e-aR -.4/10 propagation attenuation;

Ae  effective antenna apertue;

Ge = Repeat gain anetnna;

~, L RF losses 3 db =2 (numeric)
p

So, from Eq. (10) we get:

(1 w) (6310)(10 (3.36 xl0 m2 ) (8716)P out =(4T) (10j m) (2)

: 0.67 mw

Part d:

*. The effective aperture of the antennat

• .L '. 2 D2  Gp~

A = iA  -G = Di D G=e PRPiA T7 ~Rci 4 T/Rpi

where:

S. ' 0 = 101/1 0 = 0. 794;

p.-= .6

G = Gt + 1 (db) = 38 + 1 39 db = 7943 (numeric)

* So,
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D-(3.2 mm)______

Dm 7943/(.794) (.6) = 131 mm = 13.1 cm

Part e:

-2.776 2G Go e Cq/sB

-1 db crossover loss _- = .7943G
0

2.776( ) 2 Z()

V "e9/ = .288q G

@1 0B = /41253/G = 412531104 2.03

So, the squint angle e = (.288) (2.03) = .58 degrees

D. PROBLEM #4: PULSE-COMPRESSION RADAR, NOISE JAMMING POWER

A shipboard pulse compression radar with a phased array

antenna has the following parameters:

Array size A = 3.65 m 3.65 m

Frequency f = 3.3 GHz

* Feed and phase shifter losses L = 2.5 db/elementf

Sidelobe level S.L. = 30 db below mainbeam

Illumination efficiency pi = 0.5

Polarization linear

Output power Pt = 4mw

2TW TW = 1000
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Weighting filter loss L 3 db.< w

Integration (of compressed pulses) coherent

Minimum output S/N for
automatic detection (S/N) min = 13 db

A raid of cruise missiles each having RCS = 3 dBsm have been

launched at the ship. Two special purpose noise jamming ECN

aircraft have been positioned at a range R = 100 km to provide

screening. Each aircraft carrier Cr = 18 carcinotrons and is

configured with circular polarized high gain, steerable jamming

antennas, such that the ERP = 10 kw/tube. The bandwidth of

the noise has been matched to the radar receiver bandwidth.

*Assume that the propagation factor g = 1.

(a) Calculate the effective area and power gain of the
phased array

(b) Calculate the noise jamming power at the output of the
phased array(receiver input). Assume that the 5ammers
are in the radar antenna sidelobes

(c) Calculate the single pulse echo signal power at the
output of the phased array assuming a cruise missile
is illuminated at a range R1 = 80 kw

(d) Calculate the single pulse J/S at the receiver input
and at the receiver output

(e) Calculate the number of pulses that must be integrated
to achieve burnthrough against a cruise missile at a
range R2 = 80 km. Assume the integration efficiency
is 1

Solution:

*- The effective area of the phased array

25 2e Pi PRA = (0.5) (10 ) (3.65 m) 3.75 m
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where:

P = the illumination efficiency;

PR= the phase shifter loss;

A = area of the array.

The power gain
4irA 2

- e _ (4T) (3.75 m )G.f p -- - 8 --- ) =  5696
x 3 xl0

3.3 x0

Part b:
9"

Noise jammer power is equal to:

Pt Cj A
P (12)

4irR Lm
Im

where:

P. the jammer power = 1 watts;

G. = jammer gain = 2 x18 = 36;

9. A = effective area of the array = 3.75 m2

R the range 100 km 105m

L = the losses 3 db = 2 (numeric)

So

4 -3 2
.p (2 x 18 x 10) (3.75 x 10 m

j5 2
(4T) (10 m) (2)

5.37 x10 - 9 watt or -82.7 dbw or -52.69 dbm
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Part c:

The single pulse echo signal power is

P G o A

S = t p e (13)
(4rR2)

where:

Pt = output power = 4 xlO6 watt;

Gp = power gain of the array 5696;

a = RCS= 3 dbsm= 0.5 m

R1 = range of the cruise missile = 80 kw

* So,

6 2 2(4 xlO 6  w) (5696) (0.5 m2 ) (3.75 m
2 3 4

(4Tr) (80 x10 m)

6.61 x0- 12 watt or -111.8 dbw or -81.8 dbm

Part d:

The single pulse (J/S) in at the input of the receiver is

(J/S) = (-52.69 dbm) - (-81.8 dbm) = 29.2 db

where:

J = jammer noise power = -52.69 dbm from part (b);

or S = echo signal power -81.8 dbm from part (c).

The single pulse S/J at the receiver output is

(S/J) ot= (S/J) i + (2TW) - L = -29.2 db+ 30 db- 3db =-2. 2db
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So,

(J/S)out = +2.2 db

Part e:

For perfect coherent integration we get

I i (n) = n = (S/N)mi - (-S/J) out= 13 + 2.2

= 15.2 db - n = 33 pulses

E. PROBLEM #5: STAND OFF SPOT NOISE JAMMER

A mortar location radar has the following operating

characteristics:

frequency fo = 16.1 GHz

peak power Pt = 80 kw

antenna mainbeam gain Ga = 46

antenna sidelobe gain G = 16 db
a

PRF f = 8600 MHz
p

pulse width T 0.25 Psec
receiver noise figure F = 12 db

receiver noise bandwidth Bn =5 MHz

antenna noise temperature T = 290 degrees K

antenna sector coverage S = 25 degreess

antenna scan rate S = 167 scan/sec
antenna polarization linear

plumbing losses L = 3 dbP

This radar is to be jammed by a standoff spot noise jammer.

The jammer has the following characteristics:
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Type FM/noise

Power output P = 100 w (cw)

PF noise bandwidth Brf = 20 MHz

Antenna gain G. = 23 db

Antenna polarization circular

(a) Calculate the noise jamming power which can be ejected
into this radar receiver through the radar antenna
sidelobes from a range R = 20 km, in clear weather.
Assume a line-of-sight path and neglect atmospheric
absorption

(b) With the jammer positioned at R = 20 km as described
above, the J/S = 24 db, when a certain mortar round passes
through the radar beam at a range R1 = 4 km. If the
required camouflage factor is c = 0 db, at what range
will these rounds burn through?

Solution:

The noise jamming power is given by the equation

P. G. B A
R I 2 n e (14)

T R4 L
p

where:

100 w
P. = jammer output power -20 M = 5 w/MHz

Gj = jammer antenna gain 23 db = 200 (numeric)

B recei'rer noise bandwidth = 5 MHzn
2A e effective antenna area = G X /47

where G = antenna sidelobe gains = 16 db or 40

8 9
A A = wavelength = c/f = 3 x 10 /16.1 x 10

= 0.0186 w

So,
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A (0.0186 w) (40) 1.1 x 13A~~e 4 (4)i7 1 -

L = plumbing losses = 3 db or 2 (numeric)

R = R range= 20 km =20 x10m

Thus from (14)

3 2

i J (5 w/MHz) (200) (5 MHz) (l.l xl 10 3 m2

(4TO) (20 x 103 M) 2(2)

-9
J = 0.549 x 10 watts

J = -92.6 dbm

J = -62.6 dbm

* Part b:

J is constant for a standoff jammer while S varies as /R4

Therefore

(J/S) = const R
4

(J/S) R2 4 (J/S) 2 ] 1/4

(J/S)1  T1  2 = (J/5 )

1/4
0-" R = 4 kw[2s-] -1 krr* 2S2

(J/S) 1 = noise jammer (1) =

(J/S)2 = noise jammer (2) 24 db or 251 (numeric)
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F. PROBLEM #6: CHAFF, AVERAGE CROSS SECTION OF DIPOLES

Suppose that a chaff package is to be designed to produce

a cloud cross-section with an average value of S1 = 10 dbsm.

* VIndividual dipoles are Al F101 with cross sectional dimensions

'of 0.5 x5 miles. For frequencies of 1, 2, 5 and 10 Ghz, make

a table which shows the following information:

(a) The average cross-section of one dipole

(b) The number of dipoles required to achieve an average
cloud cross-section of 10 dbsm

(c) The weight of material per square meter of RCS

Assume the dipoles are uncoupled.

Solution:

J}3 0

S- f cm/sec

=2
a=.5 A 2

N = avgN -
1 -3

V (1-103 in)(5 x lQ3 in)(2.54 cm/in)
2

-62]V = (1.61 xI0 6  2
=10 cm )X

M =P V,
* AL

= 2.7 gm/cm0AL

1 lb = 454 gm
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-2 3 w 2 # 2
f [(Glz] [cw] a 2[an ] N V [an3 ]  w[grms] (a

av_ av_

1 30 135 741 0.35 0.97 0.096 0.0002

2 15 33.75 2962.9 0.71 1.9 0.19 0.0004

5 6 5.4 18.5 K 1.8 4.8 0.48 0.0001

10 3 1.35 74.07 K 3.6 9.7 0.96 0.002

G. PROBLEM #7: SIGNAL-TO-CLUTTER RATIO, POWER SPECTRA
DENSITY OF JAMMER

* -An MTI radar with a single delay line canceler has the

following operating characteristics:

Peak power Pt = 1 MW

Pulse width T = 14 ps

PRF f = 800 Hz
p

Antenna gain Ga  26 db

Frequency fo = 1 GHz

Receiver noise bandwidth Bn = 1.5 MHz

Antenna scan rate Wm = 10 RPM

Aziumth beamwidth eB = 3.9 degrees

Receiver noise figure Fn = 9.0 db

Antenna noise temperature Ta = 100 degrees K

Plumbing losses L = 2 dbP

Display PPI (video int.)

False alarm probability P = 1E-12

(a) For the non-IITI mode, calculate the maximum range at
which this radar can detect a non-fluctuating 0 dbsm
target with a detection probability Pd 0.9

(b) Suppose that this radar is operated in the MTI mode
against a target aircraft with RCS = 10 dbsm immersed
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in a chaff cloud with a cross section of 500 sq. meters.
The target is 30 km from the radar and closing with
radial velocity r = 300 knots. Assume that the power
spectral density of the chaff return is as given in
Skolnik, Figure 4.29. Calculate the target signal-to-
clutter ratio at the output of the delay line canceler.

Solution:

Part a:

The maximum radar range may be written as

i,',V'P G A o I (n)1/
R Pt Ga e ) ]/4

max 2Rmax (47) kTa+Te) B (S/N) 1 L

where:

* 6
Pt = peak power = 10 W;

G a  antenna gain = 26 db = 398 (numeric);

A = effective areae

2Ga C 2 G a 3 x 109 2 ( 3 9 8 ) 2 285;: a= ( ) = 2.8 m ~ ' 4
=" u 10

2

G = radar cross section = 1 m

kT = (F -1)T = (7.94-1)290 = 2013.55
e n o

k(Ta+Te)B = 1.38 x10- (100+2013.55)1.5 x"16

.4 -15
= 43.7 10 w

(S/N)1  = signal-to-noise ratio (from Figure 2.7
(Skolnik, Pg. 28))

= 15.8 db 38(for Pfa = IE-12 and Pd 0.9)
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n = pulses integrated f
P Wm

= (800 sec 1) (3.90)/(3600/6 sec) =52 pulses

1 (52) 23.5 = 13.7 db (Figure 2.8 a/b (Skolnik, Pg. 31))

Thus,

R (06w) (398) (2.85 m 2) (1 M2 ) (23.5) 1/

max(4Tr)2 (43.7 xlO 1 w) (38) (1.58)

R max = 89.46 km

Part b:

0 Since the target and chaff cloud are only 30 km from the

radar the returns will be well above the thermal noise level

and the receiver will be clutter dominated.

- Iv H(f d)l 2 _ n J~ 1 ASC
Cout C i7/A -~ d) in*

f (Hz) 1.03 U r 1.03(300 knots) SonkEq 3.6
fdHZ X 0.3 m(koik Eq 3.6

*f d 1030 Hz

*2 2 2
J~H(fd 1 12 sin (TfdT 4 sin [nr(1030/800)]

2.472
af

CA .5 p' (G fCA- -22T2 2 27T2 f2 (Gc <<fp
1l-e p c 0

(Eq. 4.23 and 4.24 from Skolnik, Pg. 132-133)

eFrom Figure 4.29 (Skolnik) for chaff a =10 16and
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f2 16 2
a 2 0 50 so CA - (10 )(800) - 324 = 25.1 db
c 2a 2 (10 9 )2

(S/C) in tHcf= 10/500 = 1/50 = -17 db
in tH chaff

So,

(S/C) ou t = (1/50) (2.47)(324) = 16 = 12 db

H. PROBLEM #8: WEIGHTING FILTERS

An airborne periscope detecting radar has the following

V i characteristics:

0 Frequency f = 9.510 GHz (linear chirp)o0
Peak power Pt = 500 kw

PRF f = 1500 Hz

Pulse width T = 500 nanoseconds

Weighting filter Hamming

Antenna gain G 35 db-, a

Polarization Vertical

Azimuth beamwidth 6B = 2.4 degrees

Antenna scan rate w = 300 RPM
Sm

Plumbing lcsses L = 5 db
p

R x noise figure R = 7.5 db

An ASW aircraft with this radar encounters a submarine with

periscope exposed under the following conditionv:

Aircraft altitude H = 2000 ft
a

Range to submarine R = 16 kyards
S

2
Periscope RCS RCS 1 m
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(a) Assume that the sea clutter spikes resolved by this
high resolution radar have an average duration
tfa = 2 sec and that the sea state 2-3 statistics
shown in [Ref. 1, Figure 13.5] apply. How many db
above the median clutter level must a threshold be
set to achieve a 100 seconds false alarm time when
the receiver is clutter dominated?

(b) Calculate the single pulse signal-clutter power ratio
at the radar receiver input

(c) At the output of the weighting filter calculate the
3 db width of the compressed pulse and the peak
signal-mean clutter power ratio

(d) Assume that a 5 second scan-scan post detection integra-
tion period is employed to separate targets (which
remain) from clutter spikes (which go away). Calculate
the integration improvement

Solution:

Part a:

For the clutter waveform

tfa 2 sec 0.02

fa Tfa 100 sec

Using Figure 13.5 (Skolnik) for Pfa = 0.02, a c/ cmed= 12.5 db

threshold must be set 12.5 db above the median clutter power

level.
.'

Part b:

From Eq. 13.6 (Skolnik, Pg. 472), thb- signal power S returned

from a target with cross section a is

* P G c A
= t a e

2 4
(47) R L

.?" p

e.i where:
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Pt = 500 x 10 w =87 dbm

G = 35 db = 3162 (numeric)
a

2
S= 1 w =0 db

= 2(0.03)2
Ae = (2/ 4 7)G - 3162 = .227 m -6.4 dbm, .. a 4 Tr"

4 = 11 db
a 3R = 16 x 10 = 9.09 mi = 14.64 km = 41.65 dbm

L 5 db

S = [87 dbm + 35 - 6.470] - [11 x2 + 41.65*4 + 5]

= -78 dbm

The echo from surface clutter is

P GA A e:+ t a e oB(CT/2) sec (i)
C (Eq. 13.5 from Skolnik,

(4IT) R (L /2) Pg. 472)

Part b:

xx

2000 = grazing angle

") =2.40

. B = 2.40 = .042 rad = -13.8 dbrad

8 -6
CT/2 = (1.5 x 10 m/s) (0.5 x10 sec)

sec i = 1/cos t 1 (P = 2.40)

From Figure 13.3 (Skolnik, Pg. 475) , = -32 db

Thus
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C = [87 dbm + 35 - 6.4 - 32 - 13.8 + 18.6 + 0]

- [11 x2 + 41.65 x 3 + 2.5] = -61.1 dbm

So,

(S/C)in = (-78 dbm) - (-61.1 dbm) = -16.9 db

Part c:

.For the Hamming filter (Ref. 1], the peak sidelobe

SLL = -42.8 db, the loss = 1.34 and the relative mainlobd

width = 1.5. So the width of the compressed pulse at the

output of the weighting filter is

-9
T.,,T (500 x10 sec)(1.5)C "TW -99T C -fW- l(500 x 10 sec) (0.5 x 109 Hz)

~-9
= 3 x 10 sec

The improvement in S/C is

10 log 10 (2 TW) - 1.34 db 25.7 db

so

* (S/C)out  = (-16.9 db) + (25.7 db) 8 db

Part d:

hsc =
0Bfp _ 2.40 v1500

# hits/scan 6w 6 v 30 0  =2
n

# hits (2 hitscan v(300) v(5 sec) 50 hits
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From Figure 2.80 (Skolnik, Pg. 31) I i(5) = 25.118 = 14 db

with integration (S/C) = 14 db + 8 db = 22 db.

I. PROBLEM #9: MTI FILTERS, CHAFF DIPOLES

An MTI radar has the following characteristics:

Frequency f = 1.3 GHz

Peak power Pt = 2 mw

Antenna gain Ga = 35 db

Azimuth beamwidth e = 1. 38B degrees

Elevation coverage 0.2-45 degrees

Antenna scan rate w= 5 RPM

PRF f = 360 Hz
* p

Pulse width T = 6 isec
Receiver noise figure F = 8 db

. .% n

Assume that this radar has a 2 pulse canceler. An aircraft

with RCS = 10 dbsm at a range of 100 km is to be protected

with a chaff corridor. Assume that the chaff return has

Gaussian power spectral density with RMS velocity spread

1.0 m/s. Calculate the number of half wave chaff dipoles per

I,. resolution cell required to produce a minimum clutter-target

*_ signal ratio of 10 db at the output of the MTI filter.

Solution:

The best improvement the delay line canceler will provide is

C.2 S.' (S/C) C Sf2 2
out in Sout 2(S/C) - × - CAJH(f)I p 4

(S/C)in out Sin 16 2  u
U

22
-- (360 Hz) (.231 w)

2 2
47 (1 w/sec)
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'max = 175 = 22.4 db

With the target at 100 km, the receiver will be clutter

dominated. We require

(S/C)i = - 10 db - 22.4 db 1in 1750

or

- a- = (S/C) in
No N(0.15X 2 )

N 10 2 2.19 x 106 dipoles
(0.15 x .231 w ) (1/1750)

(in resolution cell)

J. PROBLEM #10: MINIMUM DETECTABLE SIGNAL

An HF compressive receive is to be designed to sweep the

2-32 MHz band 25 times per second and to provide a frequency

resolution of 2 Khz.

(a) Calculate the bandwidth and time delay required of the
compressive filter for this receiver

(b) Calculate the MDS of this receiver, assuming a receiver
noise figure of 3 db and an antenna noise temperature
of 290 0 K

Solution:

Part a:

W 32 -2 30 MHz 750 MHz/sec-. = 750 M z/sec
T 1/25 sec 1/25 sec

1 1 5 3
TI - 3 =.51-0 sec (time delay)2 .10 Hz

W x T 750 ' (0.5 i0 )= 375 kHz (bandwidth)
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Part b:

T e = (F-1)290) = (1.99-1)290 = 288.626 K

NDS =k(Ta +T )B -i- but B =w so" e n 2Tw n

NDS =k(T +T )- = -170.9 + 3 + 30 dbm =-138 dbm
a e 2T
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V. CONCLUSION

The programs were written for solving problems of radar

and Electronic Warfare. They are in easy-to-understand Basic

language. They were written in the interactive method. As a

result these programs are "user friendly." They were very

-i time consuming to write in this mode. The interactive method

is very amenable to work with and should be helpful to the

Naval officer, in the field of radar and electronic warfare.

Using the same problems but with parameters of other systems,

- one can understand the performance of different types of radar

and jammers.

Many subroutines and interation loops are used so that

even one who has little experience in programming can read and

easily comprehend the programs and can expand or modify them

according to his needs.

The author hopes that these programs will be an assistance

to students, and Naval officers involved in radar and electronic

warfare.
[ L

4 The programming language is Microsoft Basic so that anyone

'S can work on these programs on any IBM or IBM-compatible com-

puter as well as Apple microcomputers without requiring any

modifications in these programs.

These programs may be used on boardship to aid in the

technical aspects of a tactical operation. They may be used

by the Naval officer in program management in radar and

. " 101
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electronic warfare systems or in evaluation and design at a

Naval laboratory. On board ship as a combat information

center officer or Electronic Warfare officer these problems

addressed arise inumerable times. As an example, your ship

is in the Indian Ocean and there is a threat of an antiship

cruise missile whose radar p arameters you are aware of (i.e.,

Harpoon, Automat, or Exocet) and it is your responsibility to

provide shipboard defense. If per chance you have worked with

these problems and you are familiar with characteristics of

your defense systems, the more viable ECM action can be made.

For instance, you are aware of your ships radar cross section

*as a function of aspect angle relative to the missile threat.

*You are aware of the radar cross section of your chaff loads

and you are aware of the power outputs and characteristics

of your decoys. Using the enclosed programs and the variations

of the parameters associated with them should allow you to

obtain a better understanding of what actions you should-take

for ships defense. It is only through the working of many

problems of these types in many different tactical scenarios

that a proper technical expertise in radar and EW can be

" •obtained.

Lastly, the author believes that this group of problems

were selected to include a variety of timely and useful

situations that one may encounter in the radar and electronic

warfare field.
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APPENDIX A

A listing of the radar computer programs is provided and

an output of the results for each one of these programs is

also included.

10



10 PRINT: PRINT TAB(30)" *PROBLEM* I"

20 PRINT TAB(30); ----------
30 IPRINT:IPRINT TAB(30);" PROBLEM 01"

40 LPRINT TAB(30); --------

50 PRINT: PRINT 'ENTER THE BANDWIDTH OF THE AMPLIFIER WITHOUT UNITS: 5=7'

60 INPUT 8
70 PRINT: PRINT "WHAT ARE THE UNITS OF THE BANDWIDTH?'

80 PRINT 'l. HZ"

90 PRINT "2. KHZ"

100 PRINT "3. MHZ"

110 PRINT "4. GHZ"

120 INPUT A$ linput selection

130 IFAS="ITHEN 5=5
140 IF AS 2THENB=B* 1000

150 IF AS =3"THEN B=3* 10000001
160 IF AS = "4" THEN B=B* 1 000000000*

170 PR INT: PRINT "ENTER THE FALSE ALARM TIME WITHOUTTUNITS: T=?'

180 INPUTT
190 PR INT : PRI NT "WHAT ARE THE UNITS OF THE FALSE ALARM T IME?'

200 PRINT "1. seconds"

210 PRINT "2. minfutes"
220 PRINT"3. hours'

230 INPUTO8 'Input selection

240 IF B$="I" THEN T=T

*250 IF BS="2"THENT=T*60

260 IF BS"3" THEN T =T* 3600
270 REM: calculation of the threshold -to-rmns ratio

2180 LET X=SQR(2*LCI6(B*T)) 'numeric value

290 LET M=.4342945*

300 LET X I= I *M*LOG(X) 'db value
310 IF A$= I" THEN IPRINT : LPRI NT " THE BANDWIDTH B=*;B;"HZ*

V. 320 IF A$="2" THEN 8=0/ 1000 : LPRINT : LPRINT 'THE BANDWI DTH B=";B;id-1Z'

330 IF AVz"3 THEN B=B/ 10000001: IPRINT : PR INT 'THE BANDWIDTH 5=";B;"MHZ"

350 IF 8S=" 1" THEN LPRINT : LPRINT 'THE FALSE ALARM TIME T=:;T;"3ec'

04
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* 360 IF BS*2 THEN T=T/6O :LPRINT :LPRlNr ' THE FALSE ALARM TIMlE T=;T;*mln'

370 IFBD$&3 THEN T=T/3600: LPRINT: IPRI NT *THE FALSE ALARM TIME T=";T;'Hrs*

380 PRINT: PRINT 'THETHRESHOLD-TO-RMS NOISE VOLTAGE
Y/SQR(YO)=";X;*(fumeric)V;or*;X 1 ;Cdb)'

390 LPRINT :LPRINT 'THE THRESHOLD-TO-Rr1S NOISE VOLTAGE
V/SQR(Y0)=";X;'(numer1 c)";"or';X I ;Cdb)'

400 PRINT:PRINr 'DO YV WANT TO USE THIS PROGRAM FOR DIFFERENT OR THE SAME DATA

Y/N?'

410 INPUT C$

420 IF LEFTS(C$, I )=Y'OR LEFTS(C$, 1)="ij" THEN 40

4302END
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PROBLEM' I

THE BANDWIDTH B= 4MHZ

THE FALSE ALARM TIMET= 5 mtn
THE THRESHOLD-TO-RMS NOISE VOLTAGE V/SQR(YO)= 6.466156 (numerc) or 8. 106462 (db)

.4-"..

THE BANDWIDTH B= 4MHZ

THE FALSE ALARMTItET= 50 min

THE THRESHOLD-TD-RMS NOISE VOLTAGE V/SQR CY0= 6.8129 54(numerlc) or 8.333355 (db)

THE BANDW IDTH 8= 4 MHZ

*THE FALSE ALARM TIME T= 500 min

,-.. THETHRESHOLD-TO-RMS NOISE VOLTAGE V/SQR(YO)= 7.142935 (numeric) or 8.538767 (db)

4'-
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10 PRINT: PRINT TAB(30); "PROBLEM '2"

20 PRINT TAB(30); -----

30 LPRINT : LPRINT TAB3O);" PROBLEM '2"

40 LPRINTTAB(30);---------

50 PRINT PRINT" ENTSR THE NUMBER OF THE m NOISE PULSES"

60 INPUT A 'OF m NOISE PULSES

70 PRINT:PRINT" 1. rn='A

80 LPRINT: LPRINT" 1. m='A

90 PRINT : PRINT" ENTER THE NUMBER OF THE n SIGNAL-PLUS-NOISE PULSES"

100 INPUTB '*OF nSIGNAL-PLUS-NOISE PULSES

110 PRINT: PRINT" 2. n=*B

120 LPRINT: LPRINT "2. n="B

130 PRINT: PRINT "FROM Fig. 2.8 (b) (SKOLNIK Pg 31) YOU CAN FINDTHE INTEGRATION LOSS

FOR LI(m~n)AND LI(n). SINCE YOU KNOW Pd,m,n, WHICH ARE GIVEN INTHE PROBLEM"

140 LET C=A+B

150 PRINT : PRINT" ENTER THE VALUE OF THE LI('C')"

160 INPUT D 'THIS ISTHE VALUE OF LI(m~n) IN db"

170 PRINT: PRINT "3. THE INTEGRATION LOSS FOR LI('C')"='D;"db"

180 LPRINT :LPRINT "3.THE INTEGRATION LOSSFOR LI('C":'JD;"db"

190 PRINT: PRINT"ENTER THE VALUE OF THE LI('B')"

200 INPUT E 'THIS ISTHE VALUE OF LI(n) IN db"

210 PRINT :PRINT" 4.THE INTEGRATION LOSS FOR LI("B")"='E"db"

220 LPRINT :LPRINT "4THE INTEGRATION LOSS FOR LI("8")"='E"db"

240 REM: CALCULATION OF THE COLLAPSING LOSS

25 1

260 LET F:D-E• F=F/10 :F1=10TI 'CONVERTION FROM "db"TO "NUMERIC"

270 PRINT : PRINT "5. THE COLLAPSING LOSS LICA',"B1)"=*F 1 ;"NUMERIC';" OR";F;'db"

280 LPRINT : LPRINT "5. THE COLLAPSING LOSS LI('A,'B')"='F 1 ;"NUMERIC';" OR";F;'db"

290 PRINT: PRINT -DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"

300 INPUT G$ 'INPUT SELECTION

-310 IF LEFT$(G$, I )=Y" OR LEFT$(G$, I)='y" THEN LPRINT: LPRINT- LPRINT TAB( 15);"

-. 320 END
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PROBLEMT2

I.m= 10

2. n= 10

3.THE INTEGRATION LOSS FOR LI( 20)= 1.9 db

4, THE INTEGRATION LOSS FOR LI( I 0)= 1.3 db

5.THE COLLAPSING LOSS L(1 0,10 )= 1. 148154 NUMERIC OR .6 db

2. n= 10
, 3. THE INTEGRATION LOSS FOR Ll( 1 0 )= 4.1 0

4. THE INTEGRATION LOSS FOR Ll( I0 )= 1.3 db

5. THE COLLAPSING LOSS Li( 90, 10 )= 1.905461 NUMERIC OR 2.8 db

lb- It r;

- I
,r.,.'
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10 REM: ** T MAIN PROGRAM "

20 PRINT: PRINT TAB(30); *** PROBLEM *3 *"

30 LPR INT : LPR INT TAB(30); PROBLEM *3 **

40 GOSUB90 GOSUB 430

50 GOSUB 780 :GOSUB 840
60 GOSUB 930 :GOSUB 1180

70 GOTO 1360

80 REM * ******44*44*4W W*G*4*4*4*4* S

2,. 90 REM SUBPROGRAM THAT INPUTS THE DATA

100 REM

110 PRINT: PRINT* ENTER THE MAGNETRONS PEAK POWER Pt IN MEGAWATTS"

120 INPUT Pt

130 PRINT: PRINT 'ENTER THE PULSE WIDTH TW IN MICROSEC"

140 INPUT Tw

150 PRINT: PRINT "ENTERTHE PULSE REPETITION FREQUENCY fp IN HZ"

160 INPUT fp
' 170 PRINT: PRINT" ENTERTHEOPERATION WAVELENGTH IN CENTEMETERS"
-. 180 INPUTI

" 190 PRINT: PRINT "ENTERTHE EFFECTIVE ANTENNA APERTURE Ae IN SQUARE METERS"
200 INPUT Ae

210 PRINT. PRINT"ENTER THE 'OF HITS INTEGRATED n"
220 INPUT n

230 PRINT :PRINT "ENTER THE NOISE BANDWIDTH IN MEGAHERTZ"

240 INPUT Bn

250 PRINT: PRINT "ENTER THE RECEIVER NOISE FIGURE Ff IN db"

, 260 INPUT Ff

270 PRINT: PRINT" ENTERTHE PLUMBING LOSSES LpI INdb"

280 INPUT Lp I

290 PRINT : PRINT "ENTER THE BEAM SHAPE Lbs IN db"

300 INPUT Lbs
310 PRINT : PRINT ENTERTHE FACTOR BY WHICHTHE INTEGRATION EFFICIENCY IS REDUCED"

320 INPUT a

330 PRINT : PRINT "ENTER THE FALSE ALARM PROBABILITY Pf"

340 INPUT Pf

350 PRINT: PRINT "ENTER THE PROBABILITY OF DETECTION Pd"
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360 INPUT Pd
370 PRINT: PRINT " ENTER THE TARGET AVERAGE CROSS SECTION Say IN SQUARE METERS'

380 INPUT Say

390 PRINT: PRINT * ENTER THE CASE THAT YOU ARE: CASE 1 ,CASE2 ... 7"

400 I NPUT AS

410 RETURN

420 REM *****************

430 REM SUBROGRAM THAT PRINTS THE INPUT DATA

440 REM @****************

450 LPRINT:LPRINT'GIVEN":LPRINT --------
460 PR INT : PR INT "I. Pt=";Pt;MW" SPC( 17); *: MAGNETON'S PEAK POWER"

470 IPRINT : LPRINT "1. Pt=";Pt;MW" SPC( 17); * : MAGNETRON'S PEAK POWER'

480 PRINT :PRINT "21 Tw=";TW;'MICSEC' SPC( 13); *:PULSE WIDTH'
490 LPRINT : IPR INT "21 Tw=";Tw;'MICSEC' SPCO 13);": PULSE WIDTH"
500 PRINT: PRINT 73. fp=";fp;"HZ" SPC( 5). *:PULSE REPETITION FREQUENCY*

*510 IPRINT : LPRINT '3. fp=" fp;"HZ" SPC( 15);: :PULSE REPETITION FREQUENCY'
520 PRINT :PRINT '4. 1 =;1 ;"ceftlrflters"SPC(5);"-: OPERAT ION WAVELENGTH'

- ~ 530 IPRINT : LPRINT "4. 1 =";;"cent Imeters" SPC(B); ": OPERATION WAVELENGTH"
540 PRINT: PRINT "5. Ae=";Ae;"equere moters" SPC(4); ": EFFECTIVE ANTENNA APERTURE'

550 LPRINT: LPRINT "5,Ae=";Ae;"9quare meters" SPC(4); ": EFFECTIVE ANTENNA APERTURE"

560 PRINT : PRINT "6. n=";fl SPCl 19);" : O1F HITS INTEGRATED"

570 LPRINT : LPRINT "6. n=";n SPC( 19);": *OF HITS INTEGRATED"
580 PRINT:PRINT'7. Bn=";Bn;"MHZ"SPC(i 6); ': NOISE BANDWIDTH4"

590 LPRINT : LPRINT '7. Bn=";Bn;"MHZ" SPC( 16);": NOISE BANDWIDTH"

800 PRINT: PRINT "8. Ff=*;Fr,'db* SPC( 16); ": RECEIVER NOISE FIGURE'

610 IPRINT : LPRINT "8. Ft =";FI ;'db" SPCC 16);": RECEIVER NOISE FIGURE"
* '.620 PRINT: PRINT "9. Lp 1 =';Lp 1 ;"db* SPC( 16);": PLUMBING LOSSES"
* 630 LPRINT: LPRINT "9. Lp I =";Lp 1 ;*db" SPC( 16);: :PLUMBING LOSSES"

840 PRINT :PRINT "10. Lbs=';Lbs;"db" SPC( 15);" : BEAM SHAPE"

650 LPRINT :LPRINT "10. Lbs";Lbs;"db* SPCC IS);"- BEAM SHAPE"
660 PRINT: PRINT' 1I. 6=";s SPC( 17);" : FACTOR BY WHICH INTEGRATION EFF. IS REDUCED"
670 IPRINT :LPRINT' "1. a=";e SPC( 17);": FACTOR B3YWHICH INTEGRATION EFF. IS REDUCED"

880O PRINT: PRINT " 12. PI=";PI SPC( 14);": FALSE ALARM PROBABILITY"
69 IPRINT :LPRINT 12. PI:";Pr SPC( 14);" FALSE ALARM PROBABILITY"
700 PRINT: PRINT '13.Pd=',PdSPC(16);" PROBABILITYOF DETECTION-
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710 LPRINT: LPRINT "13. Pd=';PdSPC( 16) : PROBABILITY OF DETECTION

720 PRINT:PRINT '14. Say=';Say;eq.meters'SPC(e);':TARGETAVERAGE CROSS SECTION'

730 LPRINT :LPRINT'14. Sev=';Ssv;'sq.moter9'SPC(8) ":TARGET AVERAGE CROSSSECTION"

740 PRINT: PRINT 15. YOU'RE CASE IS'SPC(IO);AS

750 LPRINT" LPRINT'I 5. YOU'RE CASE IS" SPC(I 0);A$

760 RETURN

* .. ~ 770 REM:

780 REM: SUBR. THAT CALCULATES THE MAX. UNAB. RANGE

790 REM:

800 LET C=3* 10"8 m/s

8 10 LET Runeb=C/(2*fp)

820 RETURN

840 REM: SUBR. THAT PRINTS THE OUTPUT FOR PART a

850 RM

* 860 PRINT : PRINT "PART a:'

870 LPRINT : LPRINT PART a:"

880 LPRINT --------

890 PRINT: PRINT' I(a). Runab=';Runab/10O0;'KM", : THE MAX. UNAB. RANGE"

900 LPRINT : LPR1T" i (a) Runab=;Runab/1000;'KM', :THE MAX. UNAB. RANGE*

910 RETURN

920
930 REM: SUBR. THAT CALCULATES THE MAX. RANGE

940 REM:

950 LET Bn= Bn* 10'6 'CONVERTION FROM MHZ TO HZ

960 LET Pt=Pt* 10"6 'CONVERTION FROM Mw TO w

97J LET K= 1.3' r 0"(-23')) "BOLTZMAN'S CONSTANT IN j/deg.

980 LET TO=290 'STANDARD TEMPERATURE IN KELVIN

990 LET PI=3.14159

1000 LET Ff=Ff/ 10: Ff1 lO'f "CONVERTION FROM dbTO NUMERIC

1010 LET Ls=Lp I +Lbs 'SYSTEM LOSSES IN db0-
1020 LET Ls I =Ls/ 10: Ls2= 101 I 'CONVERTION FROM db TO NUMERIC

1030 LET 1=1/ 100 'CONVERTION FROM cm TO m
1040 PRINT: PRINT" FROM Fig. 2.7 (SKOLNIK Pg. 28) YOU CAN FIND THE (S/N) I SINCE YOU KNO',

Pd AND Pf"eS

:-:1::

"0" i
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.' 1050 PRINT: PRINT * ENTER THE VALUE OF THE (S/N) I IN db'

1060 INPUT Al
1070 PRINT: PRINT 'SINCE YOU ARE IN CASE2 FROM Fig. 2.23 CSKOLNII(Pg. 48) YOU CAN FIND
THEADDITIONAL (S/N) 1 ad"

1080 PRINT: PRINT* ENTER THE VALUE OF THE CS/N) I ad'
1090 INPUT A2

1100 LET A=AI*A2: A3=A/10: A4-IO'A3 7HIS ISTHE VALUE OF THE (S/N) Itot IN do AND
INNUMERIC

1110 PRINT: PRINT* SINCE YUO KNOW THE *OF HITS INTEGRATED (NONCOHERENT) FROM Fig.
2.24 (SKOLNIK Pg. 49) YOU CAN FIND THE INTEGRATION IIIR. FACTOR 1I"

1120 PRINT: PRINT" ENTERTHE VALUE OF THE INTEGRATION IM'R. FACTOR*
1130 INPUTII

1140 LETI11=I1/10:112=1Oi1

1 5SOLETRmax=SQR(SR((Pt*(A2)Sav I 12*.85)/C4*PI*K*TO*Ff 1*8nfl'2)*A4*Ls2)))

1180 RETURN
* ~~1 170 E : * 4 h* 4

11850 REM: SUBR. THAT PRINTS THE OUTPUT FOR PART b
.7 -1REM

1200 PRINT: PRINT: PRINT *PART b:"
1210 LPRINT: IPRINT: LPRINT" PART b-"
1220 IPRINT"--------
1230 PR INT: PR INT " 2(a). Ls:";L s;*db", T : OT AL SYSTEM LO SSES*
1240 LPR INT : LPR INT ' 2(a). Ls=;Ls;"db", T TOTAL SYSTEM LOSSES"
1250 PR INT: PR INT "2(b), (S /N) I =";A 1 ;"db", ": S IGNAL-T O-NO ISE RATIO0'
1280 LPR INT : L PR INT " 2 (b). CS/N) I =';A S I"b ~:SGNAL-T O-NO ISE RATIO0'

1270 PR INT: PR INT " 2(c). (S/N) Iled=&;A2;"db*,: ADD IT IONAL S IGNAL-T O-NO ISE RATIO0'
1280 LPR INT: LPR INT * 2(c). (S/N) 1 ad = ;A2;"db", *: ADD IT IONAL S IGNA L-T O-NO ISE RATIO0'

01290 PR INT: PR INT ' 2(d). (S/N)tot =;A;"db", ": TO TAL S IGNAL -TO-NO ISE RATIO0"
1300 IPR INT : PR INT '2(d). CS/N)tot =*;A;db", -: TOTAL S IGNAL -TO-NO ISE RATIO0'
1310 PRINT: PRINT"2(e). II(n)=";II;"db",": INTEGRATION IMR. FACTOR"
1320 LPRINT :LPRINT"2(e). Ii(n)=";I1;"db",*: INTEGRATION IMR. FACTOR"
1330 PR INT : PR INT *"2(f). Rmax=";Rmax/ 1 000;*KM," : MAX I MUM RANGE"
1340 LPRINT: LPRINT"2(f). Rmex=";Rmax/ 1000;"KM*," : MAXIMUM RANGE"
1350 RETURN

1360 PRINT: PRINT" DO YOU WANT TO TRY FOR DIFFERENT OR THE SAME DATA Y/N?*
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1370 INPUT C$
1380 IF LEFT$(CS i )Y CrR LEFTS(C$. I)=&U THEN 40

S 1390 END
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***PROBLEM &3

G . GIVEN

1. Pt= 1 MW MAGNETRON'S PEAK POWER

2. Tw= 1 MICSEC •PULSE WIDTH

3. fp= 250 HZ PULSE REPETITION FREQUENCY
4.4 I0 centimeters OPERATION WAVELENGTH

5. Ae= 200 square meters EFFECTIVE ANTENNA APERTURE

6. n= 10 *OF HITS INTEGRATED

7. Bn= 1 MHZ NOISE BANDWIDTH

S. Ff= 10 db RECEIVER NOISE FIGURE

9. Lp 3 db PLUMBING LOSSES

* 10. Lbs= 2 db BEAM SHAPE

11. o= .85 FACTOR BY WHICH INTEGRATION EFF. IS REDUCED

12. Pf= IE-O8 FALSE ALARM PROBABILITY

13. Pd= .99 PROBABILITY OF DETECTION

14. SaV= 1 sq.meters TARGET AVERAGE CROSS SECTION

15. YOU'RE CASE IS CASE2

PART a:

I (a). Runab= 600 KM THE MAX. UNAS. RANGE

PART b:

2(a). Ls= 5 db :TOTAL SYSTEM LOSSES

2(b). (S/N) 1 = 15.9 db SIGNAL-TO-NOISE RATIO

2(c). (S/N) 10a= 17.2 db ADDITIONAL SIGNAL-TO-NOISE RATIO

2(d). (S/N)tot= 33.1 db • TOTAL SIGNAL-TO-NOISE RATIO

2(e). 11(n)= 25 dl • INTEGRATION IMR. FACTOR

2(f). Rmex= 758.5743 <M MAXIMUM RANGE
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10 PRINT: PRINT TAB(30);" PROBLEM 04"

20 LPRINT:LPRINTTAB(30):"PROBLEM*4"
30 LPRINTTAB(30);----------

40
50 REM: MAIN PROGRAM

60

70 GOSUB 160 :GOSUB 310

80 GOSUB 440 : GOSUB 570
90 PRINT: PRINT *DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N 7

100 INPUT AS
110 IF LEFT$(A$, i)=Y" OR LEFT$(A$, I)='U" THEN 70

120 END
S130

140 REM:SUBROUTINES
150

160 '*0*4*4 SUBROUTINETHAT INPUTSTHE GIVENDATA

170 PRINT : PRINT "ENTER THE OPERATION FREQUENCY f IN 6HZ"

180 INPUTf
190 PRINT: PRINT "ENTER THE RATE THAT THE FREQUENCY CHANGES fO IN GHZ/SEC"

200 INPUT fO
210 PRINT: PRINT 'ENTER THE DURATION OFTHE CHANGING FREQ. T IN ms'

220 INPUT T
230 PRINT : PRINT" ENTER THE TIME TH4E FREQ. TAKES TO RETURN TO ITS ORIGINAL VALUE Tr IN

m,

240 INPUT Tr

250 PRINT: PRINT "ENTER THE THE RANGE OF THE TARGET R IN Yards"

260 INPUT R
270 PRINT: PRINT "ENTER THE RELATIVE VELOCITY Ur IN ft/sec"

280 INPUT Ur

290 RETURN

310 REM: SUBROUTINE THAT PRINTS THE INPUT DATA

330 LPRINT: LPRINTGI VEN"

4 340 LPRINT--------
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350 LPRINT:LPRINT "1.f=';f ;"GHZTAB(19);": OPERATING FREQUENCY"

360 LPRINT: LPRINT'2. fO=';fO;'GHZ/SEC"TAB( Ig);" : RATE THATTHE FREQUENCY CHANGE"

370 LPRINT: LPRINT "3. T=";T;*ms'TAB( 19);": DURATION OFTHE CANGE"

380 LPRINT :LPRINT 4. Tr=";Tr;'ms"TAB( 19);': TIMETHE FREQ. NEEDSTO RETURN"

390 LPRINT TAIB(17);" TO ITS ORIGINAL VALUE"

400 LPRINT: LPRINT "5. R=*;R;*Yards"AB( 19);': RANGE OF THE TARGET"

410 LPRINT: LPRINT "6. Ur=;Ur;"ft/sec'TAB( 19);': RELATIVE VELOCITY"

420 RETURN

440 REM: SUBROUTINE WHICH CALCULATE AND PR INTS PART a

460 LET fO=fO 10"9 'CONVERTION FROM 6HZ/SEC TO HZ/SEC

470 LET R=R*.914 'CONVERT ION FROM Yards TO Meters

480 LET C=3" 108 rn/sec

490 LET fr = fO*2*R/C 'FREQUENCY SHIFT

500 PRINT: PRINT: PRINT "PARTa."

510 LPRINT:LPRINT:LPRINT "PARTa:"

520 LPRINT" -------

530 PRINT :PRINT" I(e).fr=";fr/I000;'KHZ*;" : FREQUENCY SHIFT"

540 LPRINT :LPRINT" I(a).lr=';lr/1000;"KHZ";" : FREQUENCYSHIFT"

550 RETURN

570 REM : SUBROUTINE THAT CALCULATE AND PRINTS PART b

590 LET f=f 10"9 'CONVERTION FROII GHZ TO HZ

600 LET Ur=Ur*.305 "CONVERTION FROM ft/sec TO m/s

610 LET I=C/f 'WAVELENGTH IN meters

f 620 LET fd=2*Ur/1 'DOPPLER SHIFT
630 LET dR=Refd /fr 'RANGE ERROR IN METERS

640 LET dR I =dR/ 100 3 RANGE ERROR

650 PRINT PRINT: PRINT" PART b:"

660 LPRINT : LPRINT : LPRINT" PART b:"
670 LPRINT" -----

680 PRINT: PRINT "1 (0). fd='fd;"HZ";" :DOPPLER SHIFT"

690 LPRINT: LPRINT"I (a). fd=,d; ''HZ' ; "DOPPLER SHIFT"
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700 PRINT: PRIP T"(b). dR;dR;M7; Or;d /.914;'Yords" :RANGERR

j710 LPRINT:LPRNT Iib).dR=';dR;M; OR';dR/.914,'Yords'; :RANEROR'

730 LPRI:PRINT 1(C). dRl1=";dR I;*M7; OR'cR I /.91I4;'Yards* :.'%RANGE ERPOR"

740 RETURN
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PROOLEM 4

GIVE N

1. 1= 10.5 GHZ :OPERATING FREQUENCY

2. 10= 2 GHZ/SEC RATE THATTHE FREQUENCY CHANGE

3.T= 990ms .DURATION OFTHE CANGE
4.Tr= lOins TIMETHE FREQ. NEEDS TO RETURN

TO ITS ORIGINAL VALUE

5. R= 5000 Yards :RANGE OF THE TARGET

5. Ur= 25 ft/sec RELATIVE VELOCITY

PART 0:

1 (a). fr= 60.93333 KHZ FREQUENCY SHIFT

PART b:

I(a). ffd: 533.75 HZ DOPPLER SHIFT

(D). OR= 40.03125 m OR 43.797B7 Yards :RANGE ERROR

1(c). dR I = .4003125 m OR .43797B7 Yards : RANGE ERROR
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10 PRINT" PRINT PRINT TAB(30); "PROBLEM 5'

20 LPRINT :LPRINT LPRINT TAB(30); PROBLEM 05"

30 PRINT TAB(30); --------

40 LPRINTTAB(30) --------

50 GOSUB90 :GOSUB210

60 GOSUB310 :GOSUB 410

70 GOT0510

90 REM: SUBROUTINE THAT INPUTS THE DATA

110 PRINT: PRINT" ENTER THE OPERATING FREQ.1 IN GHZ"

120 INPUT f

130 PRINT: PRINT"ENTERTHE PULSE WIDTH t IN MS*

140 INPUT t

150 PRINT: PRINT *ENTER THE PULSE REPETITIONFREQ. fp IN HZ"
if 160 INPUT fp

170 PRINT: PRINT "ENTERTHE AIRCRAFT'S VELOCITY Usir IN Knots'i.4180 INPUT Uair

190 RETURN

" - 210 REM: SUBROUTINE THAT PRINTS THE INPUT DATA

230 LPRINT: LPRINT: LPRINT"G I V E N"

240 LPRINT ---------

250 LPRINT : LPRINT" I. f=';f;"GHZ"TAB(I 8);': OPERATING FREQ."

260 LPRINT: LPRINT 2. t=';t;'ms'TA8( 18); : PULSE WIDTH"

270 LPRINT :LPRINT 3. fp=';fp;*HZTAB( 18); PULSE REPETITION FREQ."

280 LPRINT : LPRINT 4. Ualr=";Uatr;'Knots" :AIRCRAFT'S VELOCITY"

290 RETURN

310 REM: SUBROUTINE THAT CALCULATE AND PRINTS Uair

330 LET f=1*10"9
.,.:340 LET C:3* 1 0'8

F'=350 LET I=C/f

1119

1 -7 *,s -t r .4.



,. 360 LET U I t-I0p/2

370 PRINT: PRINT: PRINT U lb-*;U 1 b;'m/s7' OR';U lb/.515;*Knots';" :FIRST BLIND SPEED"

380 LPRINT :LPRINT :LPRINT UIb=";Ulb;"m/s';" OR',UIb/.515;'Knots";" •FIRST BLiND

SPEED*

390 RETURN

410 REM: SUBROUTINE THAT FINDS IF THERE IS A DOPPLER AMBIGUITY

430 IF Uelr>Ulb/.515 THEN GOTO 440 ELSE 460

440 PRINT: PRINT" THERE IS A DOPPLER AMBIGUITY SINCE ;Ualr;'Knots'; ">';U I b/.5 1 5;'Knots"

450 LPRINT :LPRINT "THERE IS A DOPPLER AMBIGUITY SINCE ";Uair;'Knots';"

S>;U 1 b/.515;'Knots"

460 IF UalIr<Ulb/.515 THEN GOTO 480 ELSE 470

470 IF Ualr=Ulb/.515 THEN GOT0480 ELSE500

480 PRINT: PRINT'THERE ISNT A DOPPLER AMBIGUITY SINCE ";Ualr;"Knots;" < or

=;U I b/.515;*Knots"
490 LPRINT : LPRINT "THERE ISN'T A DOPPLER AMBIGUITYSINCE ";Uelr;'Knots"; <or

=';U I b/.515;'Knots"

500 RETURN

510 PRINT: PRINT" DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N ?"

520 INPUT 0$

530 IF LEFTS(B$, I )='Y" OR LEFTS(B$, 1)="y" THEN 30
540 END
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PROBLE M&5

G IV EN

I. f= 9 GHZ OPERATING FREQ.

2. t= I ms PULSE WIDTH

3.fp= 1000HZ :PULSE REPETITION FREQ.

4. Ualr= 600 Knots: AIRCRAFT'S VELOCITY

U I 0= 16.66667 rn/s OR 32.36246 Knots : FIRST BLIND SPEED
*****THERE IS A DOPPLER AMBIGUITY SINCE 600 Knots > 32.36246 Knots*"**

1,.
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10 PRINT PRINT TAB(30); PROBLEM 06'

20 PRINT --------
30 LPRINT: LPRINTTAB(30); *PROBLEM 6

40 LPRINTTAB(30); ------------
S 50 GOSUB 120 •GOSUB 430

60 60SUB 520 :GOSUB 620

70 PRINT: PRINT"DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"

80 INPUT E$

90 IF LEFT$(E$,I)=Y" OR LEFT$(E$,I)='Y" THEN 50

100 END

I I 0********SUBRUTINES****O***********

120 INPUTS THE DATA

140 PRINT PRINT " ENTER THE P.R.F f IN HZ'

150 INPUT fp: PRINT: PRINT "I. fp=';fp;'HZ"

1 60 PRINT : PRINT 'ENTER THE CLUTTER SPECTRAL WIDTH Sc IN HZ"

170 INPUT Sc: PRINT PRINT '2. Sc=';Sc;"HZ"

180 PRINT: PRINT ENTER THE NUMBER OF THE DELAY LINE CANCELER"

190 PRINT" WITH OPTIMAL WEIGHTING N'

200 INPUT n: PRINT: PRINT 3. N=';N

210 PRINT: PRINT' ISTHE INPUT DATA CORRECT Y/N?"

220 INPUT AS

230 IF LEFTS(A$, )='Y" ORLEFT$(A$,I)=j" THEN410

240 PRINT: PRINT "WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

250 PRINT "PRINT" .THEP.R.F?"

260 PRINT: PRINT "2. THE SPECTRAL CLUTTER WIDTH?"

270 PRINT : PRINT *3. THE NUMBER OF THE DELAY LINE CANCELER?"

280 INPUT B$

290 IFB$I=" THEN PRINT: PRINT 'ENTERTHE P.R.F fp IN HZ"

300 IF B$='I" THEN INPUT fp: PRINT: PRINT* 2. fp=';fp;"HZ": GOTO 350

310 IF 85=2" THEN PRINT: PRINT" ENTER THE CLUTTER SPECTRAL WIDTH"

320 IF B$W2" THEN INPUT Sc: PRINT: PRINT" 2. Sc=";Sc;'HZ": GOTO 350

330 IF BS=3" THEN PRINT: PRINT 'ENTER THE NUMBER OF THE DELAY LINE CANCELER"

340 IF B$="3" THEN INPUT N: PRINT: PRINT '3. N="N :GOTO 350

350 PRINT : PRINT "IS EVERYTHING OK NOW V/N?"
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360 INPUT C$

370 IF LEFTS(CS. I)Y" OR LEFTS(CS, I)-" THEN GOTO 410
Z,, PRINT: PRINT 'WHAT DO YOU WANTTO CHANGE"

390 PRINT: PRINT "HIT ANY KEY IN YOUR KEYBOARD AND THE COMPUTER WILL WORK FOR YOU"

400 INPUTDS :60T0250

410 RETURN

430 '  PRINTS THE INPUT DATA

450 LPRINT:LPRINT"6IVEN"
460 LPRINT .----------

470 LPRINT : LPRINT *.fp=';fp;'HZ" ,: P.R.F"

40 LPRINT: LPRINT '2. Sc=';Sc;*HZ ,': CLUTTER SPECTRAL WIDTH"

490 LPRINT: LPRINT" 3. N=;N ,: *OF DELAY LINE CANCELER WITH OPTIMAL WEIGHTING"

500 RETURN

520 CALCULATIONS

540 PRINT: PRINT" FROM FIg. 425 (SKOLNIK Pg. 124) YOU CAN FIND THE IMROVEMENT FACTOR"

550 PRINT "SINCE YOU KNOW'

, 560 PRINT: PRINT" a. N=';N," : 0F DELAY LINE CANCELER"

570 PRINT "b. Sc/fp=';Sc/fD,": CLUTTER SPECTRAL WIDTH/RADAR P.R.F"

580 PRINT: PRINT" ENTER THE INTEGRATION IMR. FACTOR'

590 INPUT I

600 RETURN

5- f*****#*4*#*4 1 ********* ' *** *

620 PRINTS THE OUTPUT

640 PRINT : PRINT: PRINT' OUTPUT"

650 LPRINT: LPRINT: LPRINT"OUTPUT"

660 LPRINT -----

670 PRINT:PRINT" 1.Sc/fp=";Sc/fp ,': CLUTTER SPECTRAL WIDTH/RADAR P.R.F"

.60 LPRINT: LPRINT" 1. Sc/fp=";Sc/p ," : CLUTTER SPECTRAL WIDTH/RADAR P.R.F"

690 PRINT: PRINT "2. 1-';I;'db",' INTEGRATION IMR. FACTOR"

- 700 LPRINT: LPRINT" 2. I=";I;"db"," : INTEGRATION IMR. FACTOR"

.23
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~710 RETURN

~i

L~
4$ -c

-.b.-.

.. ':

.# % . . . . . . . . ..



PROBLEM*6

1. fp= 1000 HZ P.R.F

2.Sc= I0 HZ :CLUTTER SPECTRAL WIDTH

3. N= 3 :0OF DELAY LINE CANCELER WITH OPTIMAL WEIGHTING

OUTPUT

1. Sc/fP= .01 CLUTTER SPECTRAL WIDTH/RADAR P.R.F

2. 1: 55db INTEGRATION IMR. FACTOR

'.12
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10 PRINT: PRINT TAB(30); PROBLEM *7"

20 PRINT TAB (30); "-----

30 REM ****.*** VARIABLES o*4*4****9,

40 LET C=3*10*8 m/s

50 LET PI=3.141593"*

60 LET M=.43429450

70 LET K= 1.38* 10*-23 'BOLTZMAN CONSTANT IN J/Dog

80 LETTO=290 'STANDARDTEMPERATURE IN KELVIN

90 GOSUB 180 :GOSUB 2010: GOSUB a10 60SUB 2280: GOSUB 930 : 60SUB 2330

100 GOSUB 1160 GOSUB 2480: GOSUB 1760: GOSUB 2640: GOSUB 1960: GOSUB 2730

110 PRINT : PRINT "DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"

120 INPUTAS

130 IF LEFTS(A$, 1)=*Y" OR LEFT$(ASI )="y THEN 20

140 END
150 ****************

160 ' INPUTS THE DATA

180 PRINT: PRINT" ENTERTHE PEAK POWER Pp IN Kw"

190 INPUT Pp: PRINT: PRINT" 1. Pp=';Pp;"Kw"

200 PRINT: PRINT" ENTERTHE P.R.F Fp IN HZ'

210 INPUT Fp : PRINT: PRINT "2. Fp=';Fp;'HZ"

220 PRINT: PRINT "ENTER THE PULSE WIDTHT IN miesec"

230 INPUT T : PRINT: PRINT" 3. T=';T;"mlcsec"

240 PRINT: PRINT" ENTERTHE FALSE ALARMTIMETfa IN Hrs"

250 INPUT Tf 0: PRINT : PRINT "4. Tlo=';Tfe;'Hrs"

260 PRINT: PRINT" ENTERTHE RECEIVER NOISE FIGURE F IN db"

270 INPUT F: PRINT: PRINT "s. F=;F;db

280 PRINT : PRINT "ENTER THETRANSMITTER FREQ. FO IN MHZ"

290 INPUT FO: PRINT: PRINT" 6. FO=';FO;M'HZ"

300 PRINT: PRINT" ENTERTHE IF FREQ. Fif IN MHZ"

310 INPUT FIr: PRINT: PRINT "7. FIf=';Ff;MHZ"4r

320 PRINT PRINT" ENTERTHE IF BANDWIDTH Bif IN MHZ"

330 INPUT 51f: PRINT: PRINT"8. 511=".BIf;'MHZ"

340 PRINT : PRINT "ENTER THE ANTENNA POWER GAIN G IN db"

350 INPUT G:PRINT PRINT g.G=';G;"db"
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360 PRINT : PRINT' ENTER THE MINIMUM DETECTABLE SIGNAL M.D.S IN ibm"

370 INPUT M.D.S: PRINT: PRINT" 10. M.D.S-";M.D.S;"dbm"

380 PRINT :PRINT" IS THE INPUT DATA CORRECCT Y/N?"

390 INPUT B$

400 IF LEFT$(8$, 1)='Y" OR LEFT$(B$ 1)--'y" THEN 790

410 PRINT: PRINT 'WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

420 PRINT: PRINT" 1. THE PEAK POWER?"

430 PRINT: PRINT" 2. THE P.R.F? •

440 PRINT : PRINT * 3. THE PULSE WIDTHr

450 PRINT: PRINT"4. THE FALSE ALARM TIME?"

460 PRINT:PRINT" 5.THE RECEIVER NOISE FIFURE? •

470 PRINT : PRINT "6. THE TRANSMITTER FREQ.? •

00 PRINT: PRINT" 7. THE IF FREQ.?"

490 PRINT: PRINT" B.THE IF BANDWIDTH?"

500 PRINT : PRINT "9. ANTENNA POWER GAIN?"

510 PRINT: PRINT * 10. THE MINIMUM DET. SIGNAL?*

520 INPUT CS
S-"530 IF CS:'1" THEN PRINT: PRINT" ENTERTHE PEAK POWER PD IN Kw"

540 IF C$=* ' THEN INPUT Pp: PRINT: PRINT* I. Pp=";Pp,'Kw" : GOTO 730

550 IF C$='2" THEN PRINT. PRINT" ENTER THE P.R.F Fp IN HZ'

560 IF CS*2' THEN INPUT Fp : PRINT : PRINT " 2. Fp=";Fp;"HZ*: GOTO 730
570 IF C$:"3" THEN PRINT: PRINT' ENTER THE PULSE WIDTH T IN mlcsec"

580 IF CS='3" THEN INPUT T : PRINT : PRINT "3. T=";T;*mlcsuc": GOTO 730

590 IF C$=*4" THEN PRINT : PRINT "ENTER THE FALSE ALARM TIME Tfe IN Hrs"

500 IF C$-"4" T1IEN INrUT Tta. PRINT: PRINT '4. Tfe=";Tfe;'Hrs": GOTO 730

610 IF C$=5" THEN PRINT: PRINT * ENTER THE RECEIVER NOISE FIGURE F IN db"

620 IF C$=*5" THEN INPUT F: PRINT : PRINT '5. F=*;F;"db"• GOTO 730

630 IF C$="6" THEN PRINT : PRINT "ENTER THE TRANSMITTER FREQ. FO IN MHZ"

640 IF C$='6" THEN INPUT FO : PRINT : PRINT" 6. FO=";FO;"MHZ": GOTO 730

650 IF C$='7" THEN PRINT PRINT"ENTER THE IF FREQ. Fit IN MHZ"

660 IF C$="7" THEN INPUT Fif : PRINT: PRINT "7. FIf=";Flf;'MHZ" : GOTO 730

670 IF C$='"8 THEN PRINT: PRINT "ENTER THE IF BANDWIDTH Bif IN MHZ"

680 IF C$=a"" THEN INPUT 111 : PRINT: PRINT" 8. Blf=";lf;"MHZ": GOTO 730

590 IF C$="9" THEN PRINT: PRINT 'ENTER THE ANTENNA POWER GAIN G IN db"

700 IF C$='g' THEN INPUT G: PRINT PRINT" 9. G=';G;"db: GOTO 730
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710 IF C$=" 1 " THEN PRINT PRINT" ENTER THE MINIMUM DETECTABLE SIGNAL M.D.S IN dbm"

720 IF C$=I0" THEN INPUT M.D.S: PRINT: PRINT" 10. .D.S-';M.D.S;"dbm": COTO 730

730 PRINT: PRINT * IS EVERYTHING O.K NOW?"

740 INPUT DS

750 IFLEFT$(D$,I)=*Y" ORLEFT$(D$,I)--'!" THENGOTO790

760 PRINT: PRINT "WHAT DO YOU WANT TO CHANGE AGAIN?"

770 PRINT: PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU"

780 INPUT E$: GOTO 420

*2 790 RETURN
" " ~800' lll* '~"'''''emm4

810 ' CALCULATION FOR PART 1:

830 PRINT : PRINT* NOW IS CALCULATED PART 1:"

840 LET PD=Pp*I103 'CONVERTION FROM KwTO w

850 LET TT* 10"-6 'CONVERTION FORM msec TO sec.

860 LET Pov=Pp*Fp*T 'AVERAGE OUTPUT POWER

870 LET PaV=Pav/1000 "CONVERTION FROM wTO Kw

880 PRINT:PRINT: PRINT"PART 1:"

890 PRINT" "-------

900 PRINT :PRINT" I. Pav=Pp 4Fp*T=";Pav;"Kw;': AVERAGEOUTPUT POWER"

910 RETURN

920 ***

930 * CALCULATION FOR PART 2:

940

950 PRINT PRINT "NOW IS CALCULATED PART 2:"

960 PRINT: PRINT: PRINT"PART 2:"

970 PRINT" *------

980 LET Bif=Btf*'A6 'CONVERTION FROM MHZ TO HZ

990 LET Pn=K*TO*Bif 'NOISE POWER

1000 LET Pn I = I DM*LOG(Pn) 'CONVERTION FROM w TO dbw

1010 LET Pn2=Pn 1.30 'CONVERTION FROM dbw TO dbm

1020 PRINT PRINT "2(o). Pn=KmTO*BIf=;Pn;W';" OR";CINT(Pn2);"dbm";": NOISEPOWER"

1030 IF (Pn2>M.D.S) THEN GOTO 1090 ELSE 1040

1040 IF(Pn2<M.D.S) THEN GOTO 1100 ELSE 1050
1050 IF (Pn2 M.D.S) THENGOTO II 10[ 128
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1060 LET Tfa=Tf*3600 'CONVERTION FROM Hrs TO Sec.

1070 LETA=LOG(Tfa*Blf)

1080 LET A= 1 0*MLOG(A) : GOTO 1120 "CONVERTION FROM NUMERIC TO db

1090 PRINT: PRINT " 2(b). THE NOISE POWER IS GREATER THAN THE M.D.S"• GOTO 1060

1 100 PRINT:PRINT" 2(b).THE NOISE POWER IS SMALLER THAN THE M.D.S" GOTO 1050

1 I 10 PRINT: PRINT" 2(b). THE NOISE POWER IS - .. ::' ).G OCTO 1060
1120 PRINT: PRINT '2(c). (Vt2)/(2YO)=In(Tfa*Btf)=";CSNG(A);'db*;": R.M.S THRESHOLD POWER

TO NOISE RATIO"

1130 PRINT: PRINT TAB(55);"IF NO PULSE INTEGRATION IS PERFORMED'

1140 RETURN

1160 * CALCULATION FOR PART 3:

1 180 PRINT: PRINT" NOW IS CALCULATEDPART 3:

I 190 PRINT: PRINT "ENTER THE TARGET CROSS SECTION Sc IN SQ METERS'

1200 INPUTSc

1210 PRINT: PRINT" ENTER THE PROBABILITY OF DETECTION Pd"
1220 INPUT Pd

* 1230 PRINT PRINT "ENTER THE * OF PULSES THAT ARE INTEGRATED AFTER POST-DATECTION"

1240 INPUT n

1250 PRINT: PRINT" ISTHE INPUT DATA CORRECCT Y/N?"

1260 INPUT FS

1270 IF LEFT$(F$, 1 )=-Y OR LEFT$(F$, I)="y THEN 1460

1280 PRINT: PRINT" WHAT OFTHE FOLLOWING DO YOU WANTTO CHANGE?"
1290 PRINT :PRINT" 1. THE CROSS SECTION?'

1300 PRINT : PRINT "2.THE PROBABILITY OF DETECTION?'
1310 PRINT: PRINT" 3. THE* OF INTEGRATED PULSES?"

1320 INPUTG

1330 IF G$=1" THEN PRINT: PRINT" ENTER THE CROSS SECTION SC IN SO. METERS'

S1340 IF Gs=" * THEN INPUT Sc : GOTO 1390

1350 IF G$=2" THEN PRINT: PRINT "ENTERTHE PROBABILITY OF DETECTION Pd"

1360 IF G$="2' THEN INPUT Pd : GOTO 1390

1370 IF G$="3' THEN PRINT PRINT " ENTER THE 'OF PULSES TO BE INTEG. n"

"380 IF G$="3" THEN INPUT n: GOTO 1390

1390 PRINT PRINT IS EVERYTHING O.K NOW?"
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1400 INPUTHS
1410 IFLEFT$(H$,I):'Y" ORLEFTS(HS,1):'U" THENGOTO 1460

1430 PRINT: PRINT" WHAT DO YOU WANT TO CHANGE AGAIN?"

1440 PRINT: PRINT"HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOP YOU'

1450 INPUT I$: GOTO 1290

1460 LET Pla=1/(Tfe*Blf) 'PROBABILITY OF FALSE ALARM

1470 PRINT : PRINT "SINCE YOU KNOW THE PROBABILITY OF FALSE ALARM Pfa=';PfIO'

1480 PRINT: PRINT THE PROBABILITY OF DETECTION Pd=';Pd;FROM Fig. 2.7 (SKOLNIK Pg. 28)"

1490 PRINT: PRINT" YOU CAN FINDTHE (S/N) 1"

1500 PRINT: PRINT "ENTER THE (S/N) I IN db"
1510 INPUT SI

1520 PRINT: PRINT" SINCE YOUR FLUCTUATION CASE IS CASE4 FROM FIg. 2.23 (SKOLNIK Pg.46)"

1530 PRINT: PRINT * YOU CAN FIND THE ADDITIONAL (S/N) I ad"

1540 PRINT: PRINT "ENTER THE ADDITIONAL (S/N) 1 ad IN db"

1550 INPUT S2

* 1560 LET S3=SI +S2

4. 1570 PRINT: PRINT "FROM Flg. 2.24 (SKOLNIK Pg. 49) YOU CAN F IND THE INTEGR. IMR. FACTOR"

1580 PRINT: PRINT" ENTERTHE INTEGR. IMR. FACTOR 11(n) IN db"

1590 INPUT I

1600 LET S4=3-1

1610 PRINT: PRINT: PRINT" PART 3:"

1620 PRINT "------

1630 PRINT: PRINT "3(e). Sc=';Sc;"Sq. m"; *:TARGET CROSS SECT ION"

1650 PRINT:PRINT"3(b). Pd=";Pd;": PROBABILITY OF DETECTION"

1660 PRINT: PRINT" 3(c). n=";n;": 'OF INTEGRATED PULSES"

1670 PRINT: PRINT" 3(d).YOUR MODEL IS IN CASE4;: SWERLING MODEL"

1680 PRINT: PRINT" 3(e). P18= I/(Tfa*Blf)=";Pfe; ": PROBABILITY OF FALSE ALARM"

1690 PRINT: PRINT' 3(f). (S/N) 1 =";S 1 ;db"; : (S/N) 1 FOR ONE PULSE INTEGRATED FROM Fig 2.7"

1700 PRINT PRINT "3(g). (S/N) I od=;S2;'db';"* ADDITIONAL (S/N) FROM Fig. 2.7"

17 10 PRINT: PRINT" 3(h). (S/N) I tot=";S3;*db'; ": TOTAL (S/N) FROM Fig. 2.23"

1720 PRINT: PRINT" 3(I). Ii(n)=;I;'db';" : INTEGR. IMR. FACTOR FOR 30 PULSES FROM Fig. 2.24"

- 1730 PRINT: PRINT"3(k). (S/N)30=(S/N) I tot/li(n)=';S4;'db";": THE MIN. (S/N) REQUIRED TO

ACHIEVEPd=0.5"

1740 RETURN

130

,S ",'' m ,-." " ,, ',,...-.'..# ',-.." - ' .- - ' " . -" """"""' . : ""S .,. -""". .- . , ,.. - .. . - -. , • .',-.,-



1750 CALCULATIONS FOR PART 4

1780 PRINT: PRINT NOW IS CALCULATED PART 4:"

1790 PRINT: PRINT" ENTER THE VALUE OF THE (S/N)min IN db"

* " 1800 INPUTS

1810 PRINT: PRINT" ENTER THE TOTAL SYSTEM LOSSES Ls IN db"

* 1820 INPUTLs

1830 LET F1=F/10 : F2= 10T I 'CONVERTION FROM db TO NUMERIC

1640 LET GI=G/ 10: G2= 10^61 'CONVERTION FROM dbTO NUMERIC

1850 LET Ls I =LS/10 : Ls2= 1019 1 'CONVERTION FROM db TO NUMERIC

1860 LET FO=FO* 10^6: 1=C/FO

1870 LET S5=S/10: 56=10S5 'CONVERTION FROM db TO NUMERIC

1 880.ER= (Pp*(62"2)*(1"2)*Sc/(((4*PI)'3)K*TO*F2*Blf*S6*Ls2)).( 1/4)

1890 PRINT: PRINT: PRINT"PART 4:"

1900 PRINT ------

, 1910 PRINT: PRINT"4(a). (S/N)min:';S;'db"

1920 PRINT: PRINT" 4(b). Ls=';Ls;"db'; : TOTAL SYSTEM LOSSES'

1930 PRINT: PRINT "4(c).

R=(PpO(G"2)*(1'2)*Sc/(((4*PI)-3)*(K*TO*F*BJf)*(S/N)mln*Ls))'( I/4)=";CSNG(R/ I 000);"KM';

MAX.RANGE"

1940 RETURN

1960 * CALCULATIONS FOR PARTS:

1980 PRINT: PRINT" NOW IS CALCULATED PART 5:"

1990 PRINT: PRINT" ENTER TIIE MIN. RADAR RANGE R I IN KM"

2000 INPUT RI

2010 LET TR=2*RI1000/C-T 'RECOVERY TIME

2020 PRINT: PRINT: PRINT" PART 5:"

2030 PRINT " ------
2040 PRINT: PRINT" 5(a).R =";R 1 ;'K'; ': MIN. RADAR RANGE"

2050 PRINT: PRINT" 5(b).TR=(2*R 1 1 O00/C)-T=';TR* 1'6;'mlcsec; : RECOVERYTIME"

2060 RETURN

2080 SUeROUTINETHAT PRINTS THE INPUT DATA
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2100 LPRINT: LPRINTTAB(30);" PROBLEM 07"
2110 LPRINTTAB(30); ----

2120 LPRINT : LPRINT: LPRINT •G I Y E N'

2130 LPRINT----- -

2140 LPRINT: LPRINT" I.Pp:";PP;"Kw"," PEAKPOWER"

. 2150 LPRINT: LPRINT" 2. Fp=';Fp;'HZ',": P.R.F"

2160 LPRINT: LPRINT "3.T=;T;'mlcsec, ": PULSE WIDTH"

2170 LPRINT: LPRINT" 4. Tfa=';Tfa;'Hrs",'. FALSE ALARM TIME"

2180 LPRINT: LPRINT '5. F=;F;db'," : RECEIVER NOISE FIGURE*
N 2190 LPRINT: LPRINT" 6. FO=';FO;'HZ', ":TRANSMITTED FREQ.'

2200 LPRINT: LPRINT 7. Fi f=;Flf;'MHZ', : IF FREQUENCY"
2210 LPRINT: LPRINT "8. Bl=";Bll;"MHZ',": IF BANDWIDTH"

2220 LPRINT: LPRINT '"9. G=';G;"db•, • ANTENNA POWER GAIN"

2230 LPRINT: LPRINT" 10. M.D.S=;M..S;•dbm ", : MIN. DETECTABLE SIGNAL*
* 2240 RETURN

. 2260 SUBROUTINE THAT PRINTS PART 1:

2280 LPRINT:LPRINT: LPRINT" PART I:"

2290 LPRINT -----

2300 LPRINT LPRINT " 1 Pav=PP*FP*T=";Pav;*Kw"' :AVERAGE OUTPUT POWER'
4K 23 10 RETURN

2330 ' SUBROUTINE THAT PRINTS PART 2:

2350 LPRINT: LPRINT: LPRINT PART 2:"

2360 LPRINT -----

2370 LPRINT. LPRINT" 2(a). Pn=K*TO*BfT=';Pn;W'; OR•;CINT(Pn2);•dbm•; *:NOISE POWER'

2380 IF (Pn2>M.D.S) THEN GOTO 2410 ELSE 2390
2390 IF (Pn2<M.D.S) THEN GOTO 2420 ELSE 2400

2400 IF (Pn2=M.D.S) THEN GOTO 2430
2410 LPRINT: LPRINT "2(b). THE NOISE POWER IS GREATER THAN THE M.D.S" : GOTO 2440

* 2420 LPRINT: LPRINT " 2(b). THE NOISE POWER IS SMALLER THAN THE M.D.S". GOTO 2440
2430 LPRINT: LPRINT 2(b).THE NOISEPOWER IS EQUAL THE MDS"

V"- :-
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2440 IPRINT :LPRINT" 2(c).(VU'2)/(2Y)=n(Ttlt*5)i ;CSNG(A); dV'; *R.M.S THRESHOLD
POWER TO NOISE RATIO'

/" 2450 LPRINT: LPRINTTAB(55);*IF NO PULSE INTEGRATION IS PERFORMED"
2460 RETURN

2480~ SUBROUTINE THAT PRINTS PART 3:

2500 IPRINT : LPRINT :. LPRINT * PART 3:*
25 10 LPRINT"*------
2520 LPRINT: LPRINT" 3(a). Sc="tSc;"sq. mV 'TARGET CROSS SECT ION"
2530 IPRINT: LPRINT" 3(b). Pd=;Pd,': PROBABILITY OF DETECTION"
2540 LPRINT: LPRINT"3(c).n=;n, ":*OF INTEGRATED PULSES"

-$ 2550 LPRINT: LPR1NT - 3(d). YOUR MODEL IS IN CASE47 ': SWERLING MODEL*
dl 2560 IPRINT' IPRINT "3(e). Pfea= 1/(Tfa*Bf)=";Pf a, -*:PROBABILITY OF FALSE ALARM"

2570 IPRINT: LPRINT 3(1). (S/N) I=";S I;"G", ":CS/N) I FOR ONE PULSE INTEGRATED FROM Fig

* 2.7"
25530 LPRINT :LPRINT" 3(g). (S/N)led:";52;*db', : ADDITIONAL CS/N) FROM Fig. 2.7"

N 2590 IPRINT: LPRINT " 3(h). (S/N) 1 tot=";53;"db". * : TOTAL (S/N) FROM Fig. 2.23"

2600 LPRINT: LPRINT "3(l). I1(n)=";I;"db", *: INTEGR. IMR. FACTOR FOR 30 PULSES FROM Fig.
2.24"

26 10 IPRINT: LPRINT" 3(k). CS/N)3045S/N)tot/1(n)=";54;'db"," :THE MIN, CS/N) REQUI RED To
ACHIEVEPd0.5'

2620 RETURN

26 40 'SUBROUT INE THAT PR INTS PA RT 4:

2660 LPRINT: LPRINT: LPRINT' PART 4:"

*2670 LPRINT *------

2650 LPRINT: LPRINT" 4(a). CS/N)min:";S;"db"

2690 LPRINT: LPRINT "40b). Ls=";Ls;"db"; ": TOTAL SYSTEM LOSSES"
2700 LPRINT : LPRINT -4(c).

R=(Pp(02)(12)4Sc/(((PY3)(K*TOFBIF)(S/N)m n'LSW)( /4)=" ;CSNG(R/ I1000) ;"Kt'lt
MAX. RANGE"

-: 27 10 RETURN
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2730 'SUBROUTINE THAT PRINTS PART 5:

2750 IPRINT: LPRINT: LPRINT "PART 5V

2760 LPRINT -----

2770 LPRINT : LPRINT *5(a). R I =;R 1 ;KM';: MIN. RADAR RANGE'

2780 LPRINT: LPRINT 5(b).TR=(2*R I *I 00O/C)-T=;TR* I0'6;'mlcsec",' RECOVEF'/ TINE*

2790 RETURN
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-. - PROeLEM'7

G IVE N
1. Pp= 200 Kw PEAK POWER
2. Fp= 300 HZ P.R.F
3.T= 60 mlcsec PULSE WIDTH
4. T fa=2.2 Hrs FALSE ALARM TIMIE
5. F= 6.5 db :RECEIVER NOISE FIGURE
6. F0= 400 MHZ TRANSMITTED F REQ.
7. Fit= 120 MHZ IF FREQUENCY
S. 811f= 1.25 MHZ IF SANDWIDTH
9. G= 21 db ANTENNA POWER GAIN
10. M.D.S- 1 15 dbm MIN. DETECTABLE SIGNAL

PART I:
1. Pav=PP*FP*T= 3.6 Kw: AVERAGE OUTPUT POWER

2(a). Pn=K*TO*Bif = 5.0025d- I5 W OR -113 dbm :NOISE POWER
2(b). THE NOISE POWER IS GREATER THAN THE M.D.S
2(c). (Vtr2)/(2Y0)=1 n(Tfa*5lt)= 13.6203dcb :R.M.STHRESHOLD POWER TO NOISE RATIJO

~ IF NO PULSE INTEGRATION IS PERFORMED

PART 3:
3(a). Sc= 1 sq. m -TARGET CROSS SECTION

* -3(b). Pd= .5 PROBABILITY OF DETECTION
3(c). n= 30 *OF INTEGRATED PULSES

*3(d). YOUR MODEL IS IN CASE4 SWERLING MODEL

3(e). Pfa= /(Tfa'B~f)= IE- 10 PROBABILITY OF FALSE ALARM
3(f). (S/N) I= Ile CID (S/N) I FOR ONE PULSE !NTEGRATED FROM Fig 2.7

*~Vl 1 a(~(/J c= I .1D : 4'DOITIONAL (S/'N)
3Wi. (,S/N) I *Otz 14 6 '1 TOTAL (S/N)
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PARTIA
4(a). (S/N)mi n= 4 db

40b). Ls= 1 db: TOTAL SYSTEM LOSSES
4(.)R(P*G2*12)S?(4P 3*KT*FBF*SNri'L'1 /4)=59 7 151

RANCE

PART 5:
5(a). Ri1 10.5 KM: MIN. RADAR RANGE

5Cb).TR=(2*R I I j 00/C)-T= 10 mlcsec : RECOVERYTIME
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J5,



10 PRINT: PRINT TAB(30); PRODLEM 0fr

20 PRINTTAB(30);" ---------

30 LPRINT : LPRINT TAB(30); • PROBLEM 08"

40 LPRINTTAB(30);"----------

50 GOSUB 120 :GOSUB 490

60 GOSUB 650 :GOSUB 790

70 PRINT: PRINT" DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"

80 INPUT AS

90 IF LEFTS(AS, I)=*Y" OR LEFTS(AS, 1)="Y" THEN 50

100 END
1 10

120 INPUTS THE DATA

* 130

140 PRINT : PRINT' ENTERTHE OPERATING FREQ.f IN GHZ"

150 INPUT f1: PRINT : PRINT "I. f=';f;'GHZ•

* 160 PRINT :PRINT" ENTERTHE P.R.F fp IN HZ'

170 INPUT fp: PRINT : PRINT 2. fp=*;fp;HZ"

180 PRINT: PRINT "FROM Fig. 13 (SKOLNIK Handbook Pg. 17-16) AND FOR CHAFF YOU CAN FIND"

190 PRINT "THE RANGE OF THE R.M.S VELOCITY SPREAD"

200 PRINT : PRINT " ENTER THELOWER VALUE Sul OF THE R.M.S VELOCITY SPREAD IN m/s"

210 INPUT Su I : PRINT: PRINT" 3. Su I =*;Su I;'m/s"

220 PRINT: PRINT *ENTER THE UPPER VALUE SU2 OF THE R.M.S VELOCITY SPREAD IN m/s"
230 INPUT Su2: PRINT: PRINT" 4 Su2=';Su2;*m/S"

240 PRINT: PRINT' IS THE INPUT DATA CORRECCT Y/N?"

250 INPUT B$

260 IF LEFT$(B$, I)='" OR LEFT$(B$, 1)=g"y THEN 470

270 PRINT: PRINT 'WHAT OF THE FOLLOWINGDO YOU WANT TO CHANGE?"

280 PRINT: PRINT" 1. THE OPERATING FREQ.? •

290 PRINT : PRINT 2.THE P.R.F?"

300 PRINT: PRINT "3. THE LOWER VALUE OFTHE R.M.S VELOCITY SPREAD?"

310 PRINT: PRINT "4. THE UPPER VALUE OF THE R.M.S VELOCITY SPREAD?"

320 INPUT C$

330 IF C$=" I" THEN PRINT: PRINT" ENTER THE OPERATING FREQ. f IN GHZ"

340 IF C$="1" THEN INPUT f : PRINT: PRINT" 1. f=';f;GHZ" GOTO 410

350 IF C$="2 THEN PRINT : PRINT 'ENTER THE P.R.F fp IN HZ"
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360 IF CS='2" THEN INPUT fp: PRINT: PRINT "2. fp=';fpHZ" GOTO 410

370 IF CS-3" THEN PRINT: PRINT' ENTER THE LOWER VALUE OF THE R.M.S VELOCITY SPREAD

Sul IN m/s"

380 IF C$=*3" THEN INPUT Sul : PRINT: PRINT"3. Su1--;Su1;/"m/s" GOTO 410

390 IF C$="4" THEN PRINT: PRINT" ENTER THE UPPER VALUE OF THE R.M.S VELOCITY SPREAD

U$2 IN m/s"

400 IF C$='4" THEN INPUT Su2 : PRINT : PRINT" 4. Us2=';U&2;'m/s": GOTO 410

410 PRINT : PRINT" IS EVERYTHING O.K NOW?"

420 INPUT D$

430 IF LEFT$(DS I)='Y" OR LEFT$(D$, I)="j" THEN GOTO 470

440 PRINT: PRINT 'WHAT DO YOU WANTTO CHANGE AGAIN?"

450 PRINT: PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU"

460 INPUT E$:GOTO 280

470 RETURN

. 490 PRINTS THE INPUT DATA

510 PRINT:PRINTG IV E N
520 PRINT" -------
530 LPRINT: LPRINT "G I V E N"

540 LPRINT .----------
550 PRINT: PRINT" I.f=";f;"GHZ'TA8(20);": OPERATING FREQUENCY"

560 LPRINT:LPRINT I. f=";f;"GHZTAB(20);": OPERATING FREQUENCY"

570 PRINT : PRINT 2. fp=';fp;'HZ"TAB(20);": P.R.F"

580 LPRINT :LPRINT "2. fp-;fp;"HZTAB(20);":P.R.F"

-. 590 PRINT: PRINT" 3. Su l=";Su 1;'m/S-rAB(20);: LOWER VALUE OF THER.M.S VELOCITY

SPREAD"

600 LPRINT: LPRINT "3. Su I =";Su I ;"m/s*TAB(20);" : LOWER VALUE OF THE R.M.S VELOCITY
SPREAD"

610 PRINT : PRINT' 4. Su2=";Su2;'m/sTAB(20);": UPPER VALUE OF THE R.M.S VELOCITY

SPREAD"

620 LPRINT: LPRINT 4. Su2=";Su2;m/s'TAB(20);": UPPER VALUE OF THE R.M.S VELOCITY

SPREAD"

630 RETURN
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550 CALCULATIONS

670 LET f=f* 10"9 convertion from GHz to Hz

680 LETC=3*10"8 m/S

690 LET P1=3.14159

700 LET a I =C2/(8*Su I ̂2) 'parameter dependent upon clutter

710 LET &2=C^2/(B8Su2,2) 'parameter dependent upon clutter

720 LET 12cl=al2*fp*4/(2*Pl°4*f4) 'Imrovement factor

730 LET 12c2 =a22*fp'4/(2*Pl*4*f'4) 'lmrovement factor

740 LET M=.4342945*

750 LET 12c1=CINT(10*M*LOG(12c1)) convertlon from numeric to db

760 LET 12c2=CINT(10*M*LOG(12c2)) convertlon from numeric to db

770 RETURN

790 PRINTS THE OUTPUT

810 PRINT:PRINT "OUTPUT"

820 PRINT --------
830 LPRINT LPRINT "OUTPUT"

840 LPRINT" ------

850 PRINT:PRINT" 1.a I =C'2/(S*Su 1'2)=';a 1 ,': PARAMETER DEPENDENT UPON CLUTTER"

860 LPRINT: LPR INT " 1. a 1 =C2/(8*Su 1 "2)='; 1,': PARAMETER DEPENDENT UPON CLUTTER"
870 PRINT: PRINT "2. a2=C2/(8*Su2"2)=';e2,': PARAMETER DEPENDENT UPON CLUTTER"

* 880 LPRINT: LPR INT "2. a2=C'2/(8*Su2'2)=";a2,": PARAMETER DEPENDENT UPON CLUTTER"

90 PRINT: PRINT'3.12c I=a I *fp'4/(2*PI'4 *t4)=';12c I ;"db",: IMPROVEMENT FACTOR'

900 LPRINT: LPRINT"3.12c I = I *fp*4/(2*Pl 4*f14)=';12c I ;"db",": IMPROVEMENT FACTOR"

910 PRINT : PRINT 4.12c2=a2*fp'4/(2*PI'4*f'4)=";12c2;'db',': IMPROVEMENT FACTOR"
920 LPRINT: LPRINT"4. 12c2=a2*fp'4/(2*PI '4f4)=';12c2;db",': IMPROVEMENT rACTOR"

930 PRINT: PRINT "THE IMROVEMENT FACTOR IS FROM";12c 1;'db';" TO';12c2;"db"

940 LPRINT : LPRINT "THE IMROVEMENT FACTOR IS FROM';12c 1 ;'db';" TO";12c2;"db"
950 RETURN
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PROBLEM *8

,:\', GI V E N

1. f= 6 6HZ OPERATING FREQUENCY

2. fp= 1000 HZ P.R.F

3. Su 1 =.4 m/s LOWER VALUE OF THE R.M.S VELOCITY SPREAD
4 Su2= 1 m/s UPPER VALUE OF THE R.M.S VELOCITY SPREAD

OUTPUT

1. a I =C'2/(8*Su 1 2)= 7.03125D+ 16 PARAMETER DEPENDENT UPON CLUTTER

2. a2=C'2/(8*Su2^2)= 1.125D+ 16 PARAMETER DEPENDENT UPON CLUTTER

3. 12cI=al*fp'4/(2*PI 4*f^4)= 43db IMPROVEMENT FACTOR

4. 12c2=a2*fp'4/(2"PI'4*f'4)= 27 db IMPROVEMENT FACTOR
** 9 THE IMROVEMENT FACTOR IS FROM 43 db TO 27db d
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10 PRINT: PRINT TAB(30); PROBLEM "9

20 PRINTTAB(30);*-----------
30 LPRINT LPRINTTAB(30);* PROBLEM a9"

40 LPRINTTAB(30);----------

50 GOSUB 120 : GOSUB 420

60 GOSUB 560 : GOSUB 630

Kr 70 PRINT : PRINT" DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"

O INPUT A$
90 IF LEFT$(A$, I)="Y OR LEFT$(AS, 1)=V THEN 50

100 END

120 ' INPUTS THE DATA

130 ******I********

140 PRINT: PRINT ENTER THE MEAN FREQ. OF THE CLUTTER SPECTRUM IN HZ"

150 INPUT f1: PRINT: PRINT' I. fe=';fe;HZ"

0 160 PRINT :PRINT "ENTERTHE P.R:F fp IN HZ'

170 INPUT fp : PRINT: PRINT '2. fp=';fp;"HZ"

180 PRINT: PRINT' ENTER THE R.M.S CLUTTER SPREAD Sc IN HZ

190 INPUT Sc: PRINT: PRINT "3. Sc=';Sc;"HZ*

200 PRINT: PRINT' IS THE I NPUT DATA CORRECCT Y/N?"

210 INPUT B$

220 IF LEFT$(B$, I)" ORLEFT$(B$, 1)="y" THEN 400

230 PRINT: PRINT 'WHAT OF THE FOLLOWINGDO YOU WANT TO CHANGE?*

240 PRINT: PRINT" I. THE MEAN FREQ.OF THE CLUTTER SPECTRUM?"

250 PRINT : PRINT" 2.THE P.R.F?"

260 PRIr T: PRINT 3. THE R.M.S CLUTTER SPREAD?'

270 ItPUT C$

280 IF C$- I" THEN PRINT: PRINT' ENTER THE MEAN FREQ. OF THE CLUTTER SPECTRUM to IN

HZ"

290 IF C$=&" THEN INPUT fe: PRINT: PRINT* 1. fe=';f9;"HZ": GOTO 340

300 IF C$=2" THEN PRINT : PRINT "ENTER THE P.R.F fp IN HZ'

... 310 IF C$=2" THEN INPUT fp. PRINT: PRINT" 2. fp=*;fp;'HZ": GOTO 340

320 IF C$:'3" THEN PRINT : PRINT ENTERTHE R.M.S CLUTTER SPREAD Sc IN HZ"
330 IF CS"3" THEN INPUT Sc : PRINT PRINT" 3. Sc=*;Sc;'HZ"- GOTO 340

,340 PRINT : PRINT " ISEVERYTHING O.K NOW?"
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350 INPUT D$

360 IF LEFTS(D$. I)=Y OR LEFT$(DS, IW)='1THEN GOTO 400

370 PRINT: PRINT *WHAT DO YOU WANTTO CHANGE AGAIN?"

380 PRINT: PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU"

390 INPUT E$: GOT0 230

400 RETURN
41 ! H 4  t  ~~ t

420 PRINTS THE INPUT DATA

440 PRINT: PRINT" G I V E N"

450 PRINT'--------

460 LPRINT: LPRINT "G I V E N'

470 LPRINT --------

480 PRINT: PRINT" 1. fe=";fe;"HZ'TAB(20);" : MEAN FREQUENCY OFTHE CLUTTER SPECTRUM"

490 LPRINT :LPRINT" 1. fe=";fe;'HZ-TAB(20);" : MEAN FREQUENCY OFTHE CLUTTER SPECTRUM"

* 500 PRINT : PRINT "2.. fp=";fp;HZ'TAB(20);4: P.R.F'

510 LPRINT : LPRI NT "2. fp=";fp;"HZ'TAB(20);": P.R.F"

520 PRINT: PRINT '3. SC=";Sc;'HZTAB(20);" : R.M.S CLUTTER SPREAD"

530 LPRINT: LPRINT" 3. Sc=";Sc;"HZTAB(20);": R.M.S CLUTTER SPREAD"

540 RETURN

560 CALCULATIONS

590 LET F I =Sc/fp 'r.m.s clutter spread/pulse rep.freq.

600 LET F2=fe/fp 'mean freq. of the clutter spectrum/pulse rep. freq.

610 RETURN

* •630 PRINTS THEOUTPUT

650 PRINT: PRINT : PRINT" OUTPUT"

660 PRINT" ------

670 LPRINT: LPRINT : LPRINT " OUTPUT"

680 LPRINT ------

690 PRINT: PRINT" I. Sc/fp=';F 1;' R.M.S CLUTTER SPREAD/P.R.F"

700 PRINT: PRINT '2. fe/fp='F2;" : MEAN FREQ. OFTHE CLUTTER SPECTRUM/P R.F'
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710 LPRINT:LPRINT" I. SC/Ip=';F ;" : R.M.S CLUTTER SPREAD/P.R.F"

720 LPRINT: LPRINT" 2. fe/fp:=F2; • : MEAN FREQ. OFTHE CLUTTER SPECTRUM/P.R.F"

730 PRINT: PRINT" SINCE YOU KNOWTHAT Sc/fp=';F 1 ; AND ;"fe/fp=";F2

740 PRINT: PRINT "FROMFig. 4.34 (SKOLNIK Pg. 141) YOU CAN FINDTHE IMR. FACTOR IN db

750 PRINT: PRINT" ENTER THE VALUE OF THE IMR. FACTOR'

, 760 INPUT I
. 770 PRINT: PRINT 3. I=";I;"db";": REDUCTION OFTHE IMR.FACTOR FOR THE NEAR IDEALCASE,"

760 PRINT: PRINT TAB(1 6);'ASSUMINGA THREE PULSE CANCELER"

790 LPRINT : LPRINT" 3. I=';I;*db*;" : REDUCTION OF THE IMR. FACTOR FOR THE NEAR IDEAL

CASE,"
800 LPR INT : LPRINTTAB( I 9);"ASSUMING ATHREE PULSE CANCELER"

810 RETURN
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"%,.,pROBLEM1
9

G IVEN

1. fe= 30 HZ MEAN FREQUENCY OF THE CLUTTER SPECTRUM

2. fp= 300 HZ P.R.F

3. Sc= 3 HZ R.M.S CLUTTER SPREAD

OUTPUT

1.SC/tfp= .01 :R.M.S CLUTTER SPREAD/P.R.F

2. fe/fp= .1 MEAN FREQ. OFTHE CLUTTER SPECTRUM/P.R.F

3. I= 24db :REDUCTION OF THE IMR. FACTOR FOR THE NEAR IDEAL CASE,

ASSUMING A THREE PULSE CANCELER
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10 PRINT : PRINTTAB(30); "PROBLEM 010"
" 20 PRINT TAB (30);" --

30 GOSUB 100 :GOSUB 500

40 GOSU8 700 :GOSUB 50

50 PRINT: PRINT' DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA I/N?

60 INPUT AS
70 IFLErT$(A$.I)-"Y" ORLEFT$(A$,1)="Y" THEN 30
80 END

100 ' INPUTS THE DATA *

120 PRINT : PRINT" ENTER THE OPERATING FREQ. fO IN MHZ"
130 INPUT fO : PRINT : PRINT* I. fO=";f0;'MHZ"
140 PRINT: PRINT ENTERTHE SCAN ANGLE OFFANTENNA CENTER AXIS THs IN Deg."
150 INPUT THS: PRINT: PRINT' 2. THs=';THs;'Deg."
160 PRINT: PRINT "ENTER THE SEPARATION BETWEEN THE TWO ADJACENT ARRAY ELEMENTS d I
INcm"

170 INPUT dl : PRINT: PRINT "3. d I =";dl;"cm"

180 PRINT: PRINT "ENTER THE DIAMETER OF THE PHASE ARRAY ANTENNA d IN m"
190 INPUT d: PRINT: PRINT "4. d=;d;'m"

200 PRINT: PRINT "ENTER THE OFF CENTER ANGLE WHERE THE ANTENNA IS STEERED THO IN
Deg."

210 INPUT THO: PRINT: PRINT "5. THO=";THO;*Deg."
220 PRINT: PRINT" IS THE INPUT DATA CORRECT Y/N?"
230 INPUT B$

240 IF LEFT$(B$,1)='Y" ORLEFT$(B$,1)="y" THEN 480
250 PRINT: PRINT "WHAT OF THE FOLLOWINGDO YOU WANT TO CHANGE?'
260 PRINT: PRINT" 1.THE OPERATING FREQ7"

270 PRINT: PRINT' 2. THE SCAN ANGLE OFF,ANTENNA CENTER AXIS?"
"* 280 PRINT: PRINT" 3. THE SEPARATION BETWEENTHE TWO ADJACENT ARRAY ELEMENTS'"

290 PRINT: PRINT 4. THE DIAMETER OF THE PHASE ARRAY ANTENNA?"
*.- 300 PRINT: PRINT "5. THE OFF CENTER ANGLE WHERETHE ANTENNA IS STEERED?"

310 INPUT C$
320 IF C$="I" THEN PRINT : PRINT "ENTER THE OPERATING FREQ.IN MHZ"
330 IF C$=" 1 THEN INPUT 10 : PRINT: PRINT' 1. fO=';fO;'MHZ: GOTO 420

340 IF C$='2" THEN PRINT: PRINT" ENTERTHE SCAN ANGLE OFF,ANTENNA CENTER AXIS THs I1M
Deg.
350 IF C$='2" THEN INPUT THS: PRINT: PRINT" 2. THs=';THs,'Deg." : GOTO 420
360 IF C$='3" THEN PRINT PRINT "ENTER THE SEPARATION BETWEEN THE v""'l DJACENT
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ARRAY ELEMENTS d 1 IN Cm*
370 IF C$=3 THEN INPUT dl: PRINT: PRINT" 3- dl =;d 1 ;Cm : OTO 420
3aO IF C$=*4" THEN PRINT: PRINT 'ENTER THE DIAMETER OF THE PHASE ARRAY ANTENNA d IN

N. 
'

3 9 0 F C $= 4 T H EN INP UT d: P R INT : P R INT "4.d=';d;'m ":G OT O 4 2 0
400 IF C$='5 THEN PRINT: PRINT ENTER THE OFF CENTER ANGLE WHERE THE ANTENNJA IS

STEEREDTHO IN Dog.*
410 IF C$='S THEN INPUTTHO: PRINT: PRINT "5ITHO=';THO;'Deg." : OTO 420
420 PRINT : PRINT* IS EVERYTHING O.K NOW?"
430 INPUT D$
440 IF LEFT$(D$, 1 )=Y' OR LEFT$(D$, 1 )="' THEN GOTO 480

450 PRINT: PRINT *WHAT DO YOU WANTTO CHANGE AGAIN?"
460 PRINT: PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU'
470 INPUT ES: G0TO 260

40 RETURN

500 PRINTS THE INPUT DATA

520 PRINT: PRINTG I V EN'

530 PRINT*----
540 PRINT: PRINT' 1. 10=";fO;'MHZ', ": OPERATING FREQUENCY'

550 PRINT: PRINT' 2.THs=';THs;*Deg."," . SCAN ANGLE OFF,ANTENNA CENTER AXIS'

560 PRINT: PRINT* 3.dl=" l , SEPARATION BETWEEN THETWO ADJACENT
ARRAYELEMENTS"

570 PRINT: PRINT "4. d=;d;"r • DIAMETER OF THE PHASE ARRAY ANTENNA"
560 PRINT: PRINT *5. THO=";THO, "Deg.,": THE OFF CENTER ANGLE WHERE THE ANTENNA IS
STEERED"

" 590 LPRINT:LPRINT TAB(30);" PROBLEM 1O"

600 LPRINTTAB(30);---------
'10 LPRINT:LPRINT'GIVEN

620 LPRINT ----------
630 LPRINT : LPRINT" I-. fO=";fO;'MHZ', OPERATING FREQUENCY'
540 LPRINT : LPRINT'2. THs=';TH;'Deg.',": SCAN ANGLE OFFANTENNA CENTER AXIS'
650 LPRINT : LPRINT " 3. d ";d 1 ;'Cm " : SEPARATION BETWEEN THE TWO ADJACENT"" ""ARRA YELEM ENT S "

660 LPRINT -LPRINT '4.d=';;m', " DIAMETER OF THE PHASE ARRAY ANTENNA"
670 LPRINT : LPRINT' 5. THO=';THO, *Deg.",": THE OFF CENTER ANGLE WHERE THE ANTENNA IS
STEERED"

60 RETURN

F .1 4 6
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700 CALCULATION FOR PARTI
7 1
720 LETPI=3.141593'
730 LET C=3*l0^15
740 LET fO=f 0* 0"6
750 LET 1=C/fO

780 LET al=dl/100

770 LETPHI=2*PI*(d I/1)*SIN(THO*PI/180)

780 LET PHI1=180*PHI/PI *Deg.

800 CALCULATION FOR PART2:

820 LET K=.866
830 LET N= I
8340 LET B.W=K*I/(N*d*(COS(THO*PI/180)))
850 LET B.WI 180B.w/rI 'Deg.

880 RETURN

870
BO PRINTOUT FOR PART 1 and PART 2

900 PRINT :PRINT- PRINT" PART 1:"

910 PRINT ------

920 LPRINT• LPRINT: LPRINT *PART 1:
930 LPRINT------
940 PRINT PRINT" 1.PHI=2*PI*(d/1)*SIN(THO)=';CSNG(PHI);"rad;" OR ';CSNG(PHI 1);'Deg.;"

: PHASE DIFFERENCE BETWEENTWO ARRAY ELEMENTS*

950 LPRINT :LPRINT" I. PHI=2*PI*(d/1)*S IN(THO)=';CSNG(PHI);"read' OR";CSNG(PHI I);'Deg. ;"
:PHASE DIFFERENCE BETWEENTWO ARRAY ELEMENTS"

960 PRINT: PRINT: PRINT"PART2:
0 970 PRINT * -------

980 LPRINT :LPRINT LPRINT" PART2:"

990 LPRINT-----
1000 PRINT: PRINT"2. B.W=K*I/(N*dl *COS(THO))=;CSNG(8.W);rad';" OR";CSNGB.W I);"Deg.';

BEAMW IDTH AT 10 Deg. FOR THE SAME OUTPUT OF ARRAY ELEMENT"
1010 LPRINT :LPRINT 2. B.W=K*I/(N*d I *COS(TH0))=';CSNG(B.W);'rad";" OR

";CSNG(B.W I);"Deg.*;" BEAMWIDTH AT 10 Deg. FOR THE SAME OUTPUT OF ARRAY ELEMENT"

1020 RETURN
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G IVEN

1. fO: 1250 MHZ :OPERATING FREQUENCY

2. THs= 60 Deg. SCAN ANGLE OF ANTENNA CENTER AXIS

3. d l= 20 cm :SEPARATION BETWEENTHETWO ADJACENT ARRAY ELEMENTS
4. d= 29 m :DIAMETER OF THE PHASE ARRAY ANTENNA
5. THO= 10 Deg. THE OFF CENTER ANGLE WHERE THE ANTENNA IS STEERED

PARTI:

I. PHI:2*PI*(d/I*SIN(THO)= .90922 red OR 52.0945 Deg. : PHASE DIFFERENCE EE EEPr
* TWO ARRAY ELEMENTS

PART2

2.0.W=K*I/(N*dl*COS(THO))= 7.27746E-03 rad OR .416968 Deg, •BEAMWIDTH AT 10 D9g.

FOR THE SAME OUTPUT OF ARRAY ELEN- T

• or
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10 PRINT: PRINT TAB(30) "PROBLEM11 I

20 PRINT TAB(30); -

30 GOSUB 100: GOSUB 840

40 GOSUB 1210

50 PRINT. PRINT" DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA 1/144:

60 INPUT D$

70 IF LEFT$(D$, 1 )="Y" OR LEFT$(D$, I )=*y" THEN 30

80 END
- 90

100 INPUTS THE DATA

120 PRINT: PRINT" ENTERTHE ANTENNA GAIN Go IN dbi"

130 INPUT Go: PRINT : PRINT * 1. Ga=*;Ga;'db"

140 PRINT PRINT" ENTER THE PEAK POWER Pt IN Mw"

150 INPUT Pt: PRINT: PRINT * 2. Pt=';Pt;*Mw"

* 160 PRINT: PRINT *ENTER THE OPERATING FREQ. fo IN MHz"

170 INPUT f0 : PRINT : PRINT " 3. fO=";fo;'MHz"

' 180 PRINT: PRINT "ENTER THE AMBIENT TEMPERATURE Ta IN KELVIN"

19gO INPUT TO: PRINT : PRINT" 4. Ta=*;Ts;'KELVIN"

200 PRINT: PRINT ENTER THE RECEIVER BANDWIDTH Bn IN MHz"

210 INPUT Bn : PRINT : PRINT 5. Bn=';Bn;'MHz"

220 PRINT: PRINT *ENTERTHETARGET RADAR CROSS SECTION S IN sQ.m"
- 230 INPUT S: PRINT: PRINT* 6. S=;S;"sq.m'

240 PRINT: PRINT 'ENTER THE RECEIVER NOISE FIGURE F IN db"
250 INPUT F. PRINT : PRINT 7. F=";F;"db"

260 PRINT: PRINT "ENTER THE P.R.F fp IN Hz"

270 INPUT fp: PRINT : PRINT *8. fp=';fp;Hz"

280 PRINT : PRINT "EN ER THE PULSE LENGTH t IN microsec."

290 INPUT t: PRINT : PRINT'- 9. t=',;t;'mlcrosec."
300 PRINT: PRINT "ENTER THE INTEGRATION IMR. FACTOR 1i(n) IN db"

310 INPUT Ii PRINT: PRINT" 10. II(n)=';II;"db"

320 PRINT: PRINT 'ENTER THE PROBABILITY OF DETECTION Pd"

330 INPUTPd:PRINT:PRINT" 11. Pd=';Pd

340 PRINT : PRINT ' ENTER THE FALSE ALARM RATE Pfe"

go .- 350 INPUT Pfe" PRINT: PRINT" 12. Pfa=;Pfa
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360 PRINT : PRINT" ENTERTHE SYSTEM LOSSES Ls IN db"

370 INPUT Ls: PRINT: PRINT" 13. Ls=";Ls;'db"

380 PRINT : PRINT" ISTHE INPUT DATA CORRECT Y/N?"

390 INPUT AS

400 IF LEFTS(AS, I)-'Y" OR LEFT$(AS, 1)='y" THEN 820

410 PRINT: PRINT "WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

420 PRINT: PRINT ' I. THE ANTENNA GAIN?," 2.THE PEAK POWER?"

430 PRINT: PRINT "3. THE OPERATING FREQ.?"," 4.THE AMBIENT TEMPERATURE?"

440 PRINT : PRINT "5. THE RECEIVER BANDWIDTH?"," 6.THE TARGET CROSS SECTION?"

450 PRINT: PRINT "7. THE RECEIVER NOISE FIGURE?","8. THE P.R.F?"

460 PRINT:PRINT "g. THE PULSE LENGTH?'," IO.THE INTEGRATION IMR. FACTOR?"

470 PRINT : PRINT" 11. THE PROBABILITY OF DETECTION?"," 12. THE FALSE ALARM RATE?"

480 PRINT :PRINT" 13. THE SYSTEM LOSSES?"

490 INPUT C$

500 IF C$--'" THEN PRINT: PRINT " ENTER THE ANTENNA GAIN Ga IN dblr

* 510 IFC$="I" THEN INPUT Ga:PRINT: PRINT" 1.Go=;Ga;"db":GOTO 760

520 IF C$=*2" THEN PRINT: PRINT" ENTER THE PEAK POWER Pt IN MW"

530 IF C$='2" THEN INPUT Pt: PRINT : PRINT "2. Pt=';Pt;"Mw": GOTO 760

540 IF C$='3" THEN PRINT : PRINT "ENTER THE OPERATING FREQ. fo IN MHz"

550 IF C$='3" THEN INPUT fo: PRINT: PRINT "3. fo=';fo;"MHz": GOTO 760

560 IF C$='4" THEN PRINT: PRINT" ENTER THE AMBIENT TEMPERATURE Ta IN KELVIN"

570 IF C$="4" THEN INPUT TO: PRINT: PRINT" 4. Te=";Te;"KELVIN": GOTO 760

580 IF C$='5" THEN PRINT: PRINT "ENTER THE RECEIVER BANDWIDTH Bn IN MHz"

590 IF C$=S5" THEN INPUT Bn : PRINT: PRINT" 5. Bn=";Bn;'MHz" : GOTO 760

600 IF C$='6" THEN PRINT: PRINT "ENTER THET RGET RADAR CROSS SECTION S IN sq.m"

610 IF C$='6" THEN INPUT S: PRINT: PRINT" 6. S=";S;'sq.m": GOTO 760

620 IF CS='7" THEN PRINT: PRINT 'ENTERTHE RECEIVER NOISE FIGURE P IN db"

. 630 IF CS="7" THEN INPUT F : PRINT: PRINT" 7. F=";F;"db": GOTO 760

640 IF CS:8"' THEN PRINT: PRINT "ENTER THE P.R.F fp IN Hz"

650 IF C$="8" THEN INPUT fp' PRINT : PRINT "8. fp=*;fp;'Hz" : GOTO 760

660 IF C$="g* THEN PRINT: PRINT "ENTER THE PULSE LENGTH t IN microsec."
670 IF C$='9" THEN INPUT t PRINT: PRINT -9. t=';t;'mlcrosec.": GOTO 760

60 IF C$="10" THEN PRINT: PRINT" ENTERTHE INTEGRATION IMR. FACTOR 11(n) IN db"

590 IFC$= 10" THEN INPUT II: PRINT: PRINT" 10. II(n):";Il;"db":GOTO 760
700 IF C$=' I" THEN PRINT PRINT" ENTER THE PROBABILITY OF DETECTION Pd"

iis
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710 IF C$="I I' THEN INPUT Pd: PRINT: PRINT" 11. Pd:=';Pd: GOTO 7150

720 IF C$='12" THEN PRINT: PRINT" ENTERTHE FALSE ALARM RATE Pfe"

730 IF C$='1 2" THEN INPUT Pfa: PRINT: PRINT 12. Pfa=';Pfe: GOTO 760

740 IF C$= 13" THEN PRINT : PRINT" ENTER THE SYSTEM LOSSES Ls IN db"

750 IF C$I 3" THEN INPUT Ls: PRINT: PRINT" 13. Ls=';Ls;"db : GOTO 760

760 PRINT:PRINT IS EVERYTHING O.K NOW?"

770 INPUT B$

780 IF LEFT$(B$,I)=*Y" OR LEFT$(B$,I)='g" THEN GT01820

790 PRINT: PRINT " WHAT DO YOU WANT TO CHANGE AGAIN?"
800 PRINT: PRINT 'HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU

MALAKA"

i10 INPUTF$ :GOTO410

820 RETURN

830

840 PRINTS THE INPUT DATA

860 LPRINT :LPRINTTAB(30);" PROBLEM 11"

870 LPRINT TAB(30); --

880 LPRINT: LPRINT "G I V E N"

890 LPRINT--------

900 PRINT: PRINT" G IV E N"

910 PRINT"-------

920 PRINT : PRINT" I. Ga=';Ga;"db" SPC(9); ": ANTENNA GAIN"

930 LPRINT : LPRINT" I. Ga=";Go;'db" SPC(9); ":ANTENNA GAIN"

940 PRINT : PRINT "2. Pt=*;Pt;'Mw" SPC( 10); ": PEAK POWER"

950 LPRINT : LPRINT " 2. Pt=";Pt;"Mw" SPC( 10); ": PEAK POWER"

960 PRINT : PRINT" 3. fo=";fo;MHZ" SPC(7); " : OPERATING FREQ."

970 LPRINT • LPRINT" 3. fo=';fo;'MHz" SPC(7);" : OPERATING FREQ.'

980 PRINT : PRINT " 4. T&=";Ta;'KELVIN" SPC(5); ": AMBIENT FREQ."

990 LPRINT: LPRINT "4. To=';Ta;"KELVIN" SPC(5); ": AMBIENT FREO.'

000 PRINT PRINT 5. Bn=;Bn;"MHZ* SPC(9); : RECEIVER BANDWIDTH"

1010 LPRINT: LPRINT" 5. Bn=;Bn;'MHz" SPC(9);": RECEIVER BANDWIDTH"

1020 PRINT: PRINT"6. S=';S;sq.m" SPC(9); ':TARGET RADAR CROSS SECTION"
- 1030 LPRINT:LPRINT"6. S=";S;sq.m"SPC(); :TARGET RADAR CROSS SECTICN"

1040 PRINT. PRINT"7 F=",F;"db" SPC(10);". RECEIVER NOISE FIGURE"
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1050 LPRINT: LPRINT 7. F=';F;'db" SPC( I0);" :RECEIVER NOISE FIGURE"

1060 PRINT: PRINT" 8. fp=";fp;"Hz SPC(8); " P.R.F"

1070 LPRINT : LPRINT "8. fp=';fp;"HZ" SPC(8);" : P.R.F"

1080 PRINT : PRINT" 9. t=';t;"mlcrosec." SPC(4); ": PULSE LENGTH"

1090 LPRINT LPRINT" 9. t=';t"mlcrosec." SPC(4); ":PULSE LENG TH"

1100 PRINT: PRINT' 10. II(n)=";11;"db" SPC(3);": INTEGRATION IMR. FACTOR"

1110 LPRINT :LPRINT" 10. II(n)=";I;'db" SPC(3);": INTEGRATION IMR. FACTOR"

1120 PRINT: PRINT" 1 1. Pd=";Pd SPC(10);": PROBABILITYOF DETECTION"

1130 LPRINT : LPRINT" II. Pd=';Pd SPC(I 0); : PROBABILITY OF DETECTION"

1140 PRINT: PRINT' 12. Pfa=';Pfa; ": FALSE ALARMRATE'

1150 LPRINT: LPRINT" 12. Pfa=';Pfe;": FALSE ALARM RATE"

1160 PRINT: PRINT" 13. Ls=';Ls;'db"SPC(9);" : SYSTEM LOSSES"

1 180 LPRINT : LPRINT" 13. Ls=";Ls;'db" SPC(9);": SYSTEM LOSSES"

1190 RETURN

1210 ' CALCULATION& PRINTOUT

1230 PRINT: PRINT: PRINT "OUTPUT"

1240 PRINT"-------

1250 LPRINT : LPRINT : LPRINT" OUTPUT"

1200 LPRINT" ------

1270 LET C=3*I08

1280 LET fo=fo* 10^6

1290 LETIlC/fo

1300 LET K= 1.38*I 0"-23

1310 LET T=290

1320 LET PI=3.14159

1330 LET Pt=Pt* 10^6
1340 LET Bn=Bn* I0'6
1350 LET M=.4342945*

1360 PRINT: PRINT" FROM Fig. 2.7 (Skolnik Pg. 28) YOU CAN FINDTHE (S/N) I SINCE YOU KNOW

1370 PRINT: PRINT" Pd=";Pd, "&*,"Pfe=';Pfa

1380 PRINT: PRINT "ENTER THE (S/N) I SN IN db"
1390 INPUT SN
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1400 LET Pt:? 0*M*LO(Pt) :l1 10*M*LOG(1):S=I0O 1L06(S)
1410 LET SUM? I Pt+2*6o,2*1 +11+S

1420 LET Bn= I Ot1LOG(Bn)

1430 LET A=C4*PI)'3 : A= I O*MLOG(A)

1440 LET B=K*T :B= 1 Otl*LOG(B)

1450 LET SUfI2=A+B.Bn.F+SN+Ls
1460 LET Rmex=(SUM I-SUM2)/4: Rmax=Rmax/ 10:Rmax=10'Rmax
1470 PRINT: PRINT: PRINT"- Rmax=*;CSNG(Rmax/ 1 000);'Km; * or';

->CSN(Rmax/I000'1.85));n. miles*; :MAX. RADAR RANGE'
1480 LPRINT:LPRINT:LPRINT'Rmax=";CSNG(Rmax/ 1000);"Kin";" or;

'4"'CSN4G(Rmax/(t000* 1.85));- n. miles";' :MAX. RADAR RANGE"
1490 RETURN
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PROBLEM 11

G V EN

1. Go= 21 db ANTENNA GAIN

2. Pt= 2 Mw PEAK POWER

3. fo= 500 MHz OPERATING FREQ.

4 To= 62 KELVIN AMBIENT FREQ.

5. Bn= I MHz RECEIVER BANDWIDTH

6. S= 5 sq.m :TARGET RADAR CROSS SECTION
7. F= 10 db :RECEIVER NOISE FIGURE

8. fp= 300 Hz P.R.F

9. t= 3 microsec. :PULSE LENGTH

S10. II(n)= 16.5 db INTEGRATION IMR.FACTOR

11. Pd= .9 PROBABILITY OF DETECTION

12. Pfa= .IE-12 FALSE ALARM RATE

13. Ls= 6 db SYSTEM LOSSES

'='% ""OUTPUTr

. . Rmex= 123.481 Km or 66.7464 n. miles :IMAX. RADAR RANGE
f.. '..
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10 PRINT : PRINT TAB(30) "PROBLEM 12"

4 20 PRINTTAB(30); ------

30 GOSUB 100 : GOSUB 1040 : GOSUB 1380: GOSUB 1490

40 GOSUB 1690: GOSUB 1840:GOSUB 1950: GOSUB 21I0

50 PRINT: PRINT" DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"

60 INPUT OS
70 IF LEFT$(D$, 1 )=Y" OR LEFT$(D$. I )=y" THEN 20

80 END

100 INPUTS THE DATA

110

120 PRINT: PRINT "ENTER THE OPERATING FREQ. fo IN MHz"

130 INPUT fo: PRINT: PRINT " 1. fo=";fo;'MHz"

1 40 PRINT: PRINT" ENTER THE PEAK POWER Pt IN KW*

150 INPUT Pt: PRINT : PRINT *2. Pt=";Pt;*KW"

S160 PRINT: PRINT "ENTER THE P.R.F fp IN Hz"

170 INPUT fp: PRINT : PRINT "3. fp=*;fp;Hz"

1 80 PRINT: PRINT "ENTER THE PULSE WIDTH t IN microsec."

1 go INPUT t : PRINT : PRINT 4 t=";t;"mlcro9c."

200 PRINT : PRINT "ENTER THE ANTENNA SCAN RATE Wm IN Hz"

210 INPUT Wm : PRINT: PRINT" 5. Wm=";Wm;"Hz"

220 PRINT: PRINT "ENTER THE AZIMUTH SEAMWIDTH A.8 IN deg."

230 INPUT A.B: PRINT : PRINT" 6. A.B=";A.B;*deg."

240 PRINT: PRINT"ENTER THE ANTENNA GAIN Go IN db"

250 INPUT Ge: PRINT: PRINT "7. Ge=";Ga;"db"

260 PRINT: PRINT "ENTER THE RECEIVER NOISE BANDWIDTH Bn IN rMHz'

270 INPUT Bn : PRINT : PRINT" 8. Bn=';Bn;'tHz"

280 PRINT: PRINT 'ENTER THE RECEIVER NOISE FIGURE F IN db"

- 290 INPUT F: PRINT : PRINT "9. F=";F;"db"

300 PRINT: PRINT" ENTERTHE SYSTEM LOSSES Ls IN db"

310 INPUT Le: PRINT: PRINT" IO. Le=';Ls;'db"

320 PRINT: PRINT 'ENTER THE FALSE ALARM TIME Tfe IN days*

330 INPUTTfo PRINT:PRINT" I 1.Tfa=';Tfo;"days"

340 PRINT : PRINT "ENTER THE ANTENNA NOISE TEMPERATURE Te IN KELVIN"

350 INPUT Ta: PRINT: PRINT" 12. Te=";Ta;KBvIl"
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420 PRINT: PRINT" IS THE INPUT DATA CORRECT Y/N?"

430 INPUT AS

440 IFLEFT$(A$.1)-*Y" OR LEFT$(A$,1)="y" THEN 1020

450 PRINT PRINT "WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

460 PRINT:PRINT" 1. THE OPERATING FREQ.?"

470 PRINT: PRINT "2. THE PEAK POWER?"

480 PRINT PRINT *3.THE P.R.F?"

490 PRINT : PRINT" 4. THE PULSE WIDTH?"

500 PRINT: PRINT "5. THE ANTENNA SCAN RATE?*

510 PRINT: PRINT "6. THE AZIMUTH BEAMWIDTH?"

520 PRINT : PRINT" 7. THE ANTENNA GAIN?"

530 PRINT: PRINT "8. THE RECEIVER NOISE BANDWIDTH?"

540 PRINT: PRINT '9. THE RECEIVER NOISE FIGURE?"

550 PRINT:PRINT" 10.THE SYSTEM LOSSES?"

560 PRINT:PRINT" 11.THE FALSE ALARMTIME?*

570 PRINT: PRINT* 12. THE ANTENNA NOISE TEMPERATURE?"

50 INPUT Cs
590 IF C$=" I THEN PRINT : PRINT * ENTER THE OPERATING FREQ. fo IN MHz"

600 IF C$=" I" THEN INPUT fo: PRINT: PRINT" 1. fo=*;fo;t1Hz": GOTO 820

610 IF C$=*2" THEN PRINT PRINT'ENTERTHE PEAK Pf WER Pt IN KW"

>1620 IF C$='2' THEN INPUT Pt: PRINT: PRINT'- 2. Pt=";Pt;'KW" : GOTO 8B20
630 IF C$='3" THEN PRINT: PRINT "ENTER THE P.R.F fp IN Hz"

640 IF C$="3" THEN INPUT ft : PRINT : PRINT"3. fp=';fp;*Hz" : GOTO 820

650 IF C$='4" THEN PRINT : PRINT "ENTERTHE PULSE WIDTH t IN microsec."

660 IF C$='4" THEN INPUT t: PRINT: PRINT "4. t=';t;'mlcrosec." : GOTO 820

670 IF C$=*5" THEN PRINT: PRINT "ENTER THE ANTENNA SCAN RATE Wm IN Hz"

680 IF C$='5" THEN INPUT Wm: PRINT: PRINT" 5. Wm=*;Wm;'Hz": GOTO 820
690 IF C$="6" THEN PRINT: PRINT "ENTER THE AZIMUTH BEAMWIDTH A.B IN deg."

700 IF C$="6" THEN INPUT A.B: PRINT: PRINT" 6. A.B=";A.B;"deg.": GOTO 820
710 IF CS="7- THEN PRINT: PRINT 'ENTER THE ANTENNA GAIN Ge IN db"
7',)n ir rt-"7" Tu m i M rr m ., P h 1 : MR8,hn " ., ,WW, U I , " ,.

730 IF C$='8" THEN PRINT: PRINT" ENTER THE RECEIVER NOISE BANDWIDTH On IN MHz"

740 IF C$='B" THEN INPUT On: PRINT PRINT" 8. Bn=';Bn;*MHz": GOTO 820

750 IF C$="9" THEN PRINT: PRINT " ENTER THE RECEIVER NOISE FIGURE F IN db"

760 IF C$"g" THEN INPUT F: PRINT: PRINT" 9. F=';F;"b": GOTO 820
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770 IF CS=" 10" THEN PRINT : PRINT* ENTER THE SYSTEM LOSSES Ls IN db"

780 IFC$"=10" THEN INPUT Ls: PRINT: PRINT" 10. Ls=*;Ls;"db': GOTO 820

780 IFC$="11 THEN PRINT: PRINT* ENTER THE FALSE ALARM TIME Tfe IN days"

790 IF C$=*I1" THEN INPUT Tfa: PRINT: PRINT" 1 I.Tfa=';Tfe;"days": GOTO 820

800 IF C$='12" THENPRINT : PRINT "ENTER THE ANTENNA NOISE TEMPERATURE T3 IN

KELVIN"

810 IFC$=*12" THEN INPUT TO: PRINT: PRINT' 12. T&=*;Te;"Kel Yn": GOTO 820

820 PRINT: PRINT" IS EVERYTHING OXK NOW?"

970 INPUT B$

980 IF LEFTS(B$. I )='" OR LEFT$(B$. I)="y" THEN SOTO 1020

990 PRINT: PRINT "WHAT DO YOU WANT TO CHANGE AGAIN?-

1000 PRINT: PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU

MALAKA"

1010 INPUT F$ : GOTO 460

1020 RETURN

1 030O***O'*QOO* *

1040 PRINTS THE INPUT DATA
1050'***.******e* ~*e******.

1060 LPRINT : LPRINTTAB(30);" PROBLEM '12"

1070 LPRINT TAB(30);" "

1080 LPRINT:LPRINT"6, VEN'

- 1090 LPRINT"--------

1100 PRINT: PRINT "G I V E N"

41110 PRINT"---------

1120 PRINT. PRINT" 1. fo:=;fO;'MHz" SPC(7); ": OPERATING FREQ."

1130 LPRINT: LPRINT" 1. fo=';fo;'MHz" SPC(7); *:OPERATING FREQ."

1140 PRINT: PRINT " 2. Pt=';Pt;*KW" SPC(9); ":PEAK POWER"

1150 LPRINT• LPRINT" 2. Pt=*;Pt;KW"SPC(9);": PEAK POWER"

1160 PRINT: PRINT" 3. fp=";fp;"Hz" SPC(9)"': P.R.F"

1170 LPRINT: LPRINT" 3. fp=';1p;'Hz" SPC(9) " P.R.F"

I IRA) PIMT PRINT"a t-".t."mtcr-I,,d":Dr() :PULSE WlTrl

1190 LPRINT. LPRINT 4. t=";t;"mlcrosec" SPC(4);": PULSE WIDTH"

1200 PRINT: PRINT" 5. Wm=';Wm;*Hz* SPC( 10);" : ANTENNA SCAN RATE"

1210 LPRINT LPRINT" 5. Wm=",Wm;"Hz" SPC( 10);": ANTENNA SCAN RATE"

1220 PRINT PRINT 6. A.B=';A.B;"deg." SPC(6); : AZIMUTH BEAMWIDTH"
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1230 LPRINT: LPRINT 6. A.8=*;A.B;'deg. SPC(6);" : AZIMUTH BEAMWIDTH"

1240 PRINT: PRINT" 7. Ga=";Ga;'db" SPC( I 0); ": ANTENNA GAIN"1250 LPRINT: LPRINT"7.Ga=';Ga;'db" SPC(I);: ANTENNA GAIN"

1260 PRINT: PRINT "e. Bn=';Bn;"MHZ"SPC(l0);" : RECEIVER NOISE BANDWIDTH"

1270 LPRINT: LPRINT "8. Bn=';Bn;"MHZ" SPC( O);": RECEIVER NOISE BANDWIDTH"
1280 PRINT: PRINT' 9. F=";F;'db'; SPC(9);": RECEIVER NOISE FIGURE"

1290 LPRINT : LPRINT" 9. F=";F;"db"; SPC(g);" : RECEIVER NOISE FIGURE"

1300 PRINT : PRINT" 10. Ls=";Ls;"b" SPC( I0); ": SYSTEM LOSSES"

1310 IPRINT: LPRINT *10. Ls=";L$;'db" SPC( 10); : SYSTEM LOSSES"

1320 PRINT: PRINT" 1 1. Tfe=";Tfa SPC(I 1);": FALSE ALARM TIME"

1330 LPRINT: LPRINT" I I.Tfa=';Tfa SPC(1 I);": FALSE ALARMTIME"

1340 PRINT: PRINT 12. Ta=';Ta;'Kelvin" SPC(5); ": ANTENNA NOISE TEMPERATURE"

1350 LPRINT: LPRINT" 12.Te=";Ta;'Kelvln" SPC(5); ": ANTENNA NOISETEMPERATURE"

1360 RETURN

1380 'CALCULATION& PRINTOUT FOR PART a:

1400 PRINT: PRINT: PRINT"PART a:"

1410 PRINT" ------

1420 LPRINT : LPRINT: LPRINT 'PART 0:"

* 1430 LPRINT ------

1440 LETTs=60/Wm: n=CSNG(A.B*Ts*fp/360)

1450 PRINT: PRINT" n=";n; ": OF HITS PER SCAN"

1460 LPRINT: LPRINT" n=';n;" :* OF HITS PER SCAN"

1470 RETURN

1490 'CALCULATION& PRINTOUT FOR PART b:

1 500'*4*

1510 PRINT: PRINT: PRINT" PART b:"

1520 PRINT" -----

1530 LPRINT:LPRINT: LPRINT "PART b:"
w1540 LPRINT -----

1550 LETTfa=Tla*24*3600• Bn=Bn* 10"5: Pf a=CSNG( 1/(Tfa*Bn))

1560 PRINT :PRINT "ENTERTHE PROBABILITY OF DETECTION Pd"

1570 INPUT Pd
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1580 PRINT: PRINT" FROM FIG. 2.7 (Skolnlk Pg. 28) YOU CAN FIND THE (S/N)1 SINCE THE:'

1590 PRINT :PRINT" Pfa=';Pf,*&.'Pd:";Pd

1600 INPUTSN

1610 PRINT: PRINT' 0. Pd=*;Pd;*: PROBABILITY OF DETECTION"

1620 PRINT: PRINT" b. Pfa=';Pfa; :PRO5A5ILITY OF FALSE ALARM"

1630 PRINT: PRINT" c. (S/N) I =;SN;"db7 (S/N) FOR SINGLE PULSE"
1640 LPRINT :LPRINT" . Pd=";Pd;": PROBABILITY OF DETECTION"

1650 LPRINT: LPRINT " b. Pfe=";Pla;" : PROBABILITY OF FALSEALARM"

1680 LPRINT: LPRINT 'C. (S/N) I =;SN;"db'; ":(SIN) FOR SINGLE PULSE"

1670 RETURN

1690 *CALCULATION& PRINTOUT FOR PART c:

1710 PRINT: PRINT: PRINT" PART c:"

1720 PRINT" ----- "

61730 LPRINT: LPRINT: LPRINT "PART c:"

1740 LPRINT" -----

1750 PRINT : PRINT "FROM Fig. 2.8(0), (Skolnik Pg. 31) YOU CAN FIND THE INTEGRATION
IMROVEMENT"

1760 PRINT :PRINT "FOR INCOHERENT INTEGRATION OF nl;"n;'PULSES"

1770 PRINT PRINT" ENTER THE INTEGRATION I MR. 11(n)"

1780 INPUT II

1790 111 =CSNG( 10*.4342945"*LOG(I1))

1800 PRINT: PRINT" Ii(n)=";I;*numerlc';" or;Ii 1; ,db"

1810 LPRINT :LPRINT- "I(n));l1;'numerlc';" or;I I;1db"

1820 RETURN

1840 * CALCULATION& PRINTOUT FOR PARTd:

1860 PRINT: PRINT: PRINT PART :"
AM~f P rNT" -------.? p -l.."- - . . .-

1880 LPRINT: LPRINT: LPRINT "PART d:"

1851 LPR4T---------

1890 LETK=I.38'10^-23 TO=290:F=F/I0-F:10"T

1O0 LETMDSK *Tf* 'en MOS I-CSN ( I A* 4.429451"LOG(MDS))
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1910 PRINT: PRINT 'M.D.S;MS I ;"dbw';: MINIMUM DETECTABLE SIGNALIPOWER"

1920 LPRINT ;LPRINT 1'1.D.S=";MDS I ;"dbw*;": MINIMUM DETECTABLE SIGNAL PO WER"
1930 RETURN

1950 'CALCULATION& PRINTOUT FOR PART9& f:

1970 PRINT: PRINT: PRINT* PART 9&f:*

1980 PRINT ------ ----

1990 LPRINT: LPRINT : LPRINT "PART e & f:"

1991 LPRINT --------

2000 LET Pt=Pt* I 0'3:Pt I =CINT( I 0*.4342945**LOGCPt))

20 10 LET Peff =Pt1 I +G

2020 LET PI=3.141'59: Ga=Ga/10:60=1066a

2030 LET C=3*1I0*8: fo=fo* I 0A6 : I =C/f 0

2040 LET Ae=CSNG(F2*G/(4*PI))

2050. PRINT: PRINT "e. Pelff =;Pf;"dbw*;": PEAK EFFECT IVE RADIATED POWER'

2060 PRINT: PRINT ' f. Ae=';Ao;sq.m; ': EEFFECTIVE AREA OF THE ANTENNA
2070 LPRINT. LPRINT "S. PetI=';Petf;dbw';: PEAK EFFECTIVE RADIATEDPOWER"
2080 LPRINT . LPRINT - . Ae=";As;"sq.m". ": EEFFECTIVE AREA OF THE ANTENNA"-

2090 RETURN

*2110 'CALCULATION& PRINTOUT FOR PART g:

2140 PRINT: PRINT: PRINT'PARTg:*

2150 PRINT -------

2160 LPRINT: LPRINT: LPRINT 'ART g:*

*2161 LPRINT --------

2170 PRINT: PR INT "ENTER THE CROSS SECTION OFTHE NON FLUCTUATING TARGET RCS IN db"

2180 INPUTfRCS
o!9 i et i =L/I0:34Ot:Tc-( - -RCS% ~

L 1 a-1 I.a ;;r 10 V M i ml11 v III ,
2200 LET SN=SN/ 10: SN: I OSN

22 1 (LETRmax=CSNG((PtGAeRCSi1/((4WP )'2K(TTe)*Bn*SN*Ls)y( 1/4))

2220 PRINT: PRINT' Rmax=";RrflOX/ 1 000;"Ktl, -: MAXIMUM RANGE*
2230 LPR INT: LIPR INT" Rme x="Rm ax/1I000;"K M;": MA X IMU M RANGE"

*22410 RETURN
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PROBLEM& 12

1. fo= 5600 MHz OPERATING FREQ.

2. Pt= 200 KW PEAK POWER

3. fp= 625 Hz P.R.F

4.t= 1.4mlcrosec •PULSEWIDTH

5. Wm= 16 Hz ANTENNA SCAN RATE

6. A.B= 1.5 deg. AZIMUTH BEAMWIDTH

7. Go= 33 db ANTENNA GAIN

8. Bn= I MHZ :RECEIVER NOISE BANDWIDTH

9. F= 9.88 db RECEIVER NOISE FIGURE

10. LS= 5 db SYSTEM LOSSES

I 1. Tfa= 2 FALSE ALARM TIME

12. Ta= 75 Kelvin ANTENNA NOISE TEMPERATURE

, PART a:

n= 9.76563 • OF HITS PER SCAN

PART b:

a. PC= .95 PROBABILITY OF DETECTION

-. Pfa= 5.78704D- 12 : PROBABILITY OFFALSE ALARM

C. (S/N)I= 16 db "(S/N) FOR SINGLE PULSE
S

PART C:

:-.. I(n): 7 numeric or 8.45098 db

- PART d:

XM.D.S=- 134.097 dbW MINIMUM DETECTABLE SIGNAL POWER

PART e& t

. . Pef f 86 aOw :PEAK EFFECTIVE RADIATED POWER
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i: "- Rmex= 36.5283 Ktl: MAXIMUM RANGE

• .4,

-.-

4,q"o

~162



10 PRINT: PRINTTAB(30); "PROBLEM*I3"

20 PRINTTAB(30);- "

30 buzUB 100 :GOSUB 7 10 : GOSUB 990
40 GOSUB I 10I0 GOSUB 1240: GOSUB 1350

50 PRI NT: PRINT" DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"

60 INPUT D$

70 IF LEFT$(D$, 1 )=Y" OR LEFT$(D$, 1)='j" THEN 30

80 END

0lI0 INPUTS THE DATA
110

120 PRINT: PRINT 'ENTER THE OPERATING FREQ. fo IN GHz"

130 INPUT fo:PRINT:PRINT" I.fo=";fo;'GHz"

140 PRINT: PRINT "ENTER THE RADAR CROSS SECTION OF THE VEHICLES RCS iN dbsm"

150 INPUT RCS : PRINT: PRINT "2. RCS=';RCS;*dbsm"

160 PRINT: PRINT "ENTERTHE TRAVELING SPEED OF THE VEHICLES U IN ml/hrs"

170 INPUT U: PRINT : PRINT' 3. U=';U;"mi/hrs'

180 PRINT: PRINT "ENTER THE RANGE THE RADAR WILL DETECTTHE VEHICLES R IN MILES"

190 INPUT R: PRINT : PRINT "4. R=";R;*mIlBe"

200 PRINT:PRINT "ENTER THE (S/N) REQUIRED AT THE OUTPUT OF THE IF AMPLIF IER SNout IN

db"

210 INPUT SNout. PRINT: PRINT 5. (S/N)out=';SNout;"db"

220 PRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE F IN db"

230 INPUT F: PRINT: PRINT"6. F=";F;"db"

240 PRINT : PRINT 'ENTER THE PLUMBING LOSSES Lp IN db"

250 INPUT Lp: PRINT: PRINT " 7. Lp=";Lp;'db"

260 PRINT : PRINT " ENTER THE NOISE TEMPERATURE OF THE RECEIVER Ta IN KELVIN"

-- 270 INPUTTa: PRINT: PRINT" 8. Te=";Ta;*KelvIn"

280 PRINT : PRINT "ENTER THE GAIN Gt OF THE TRANSMIT ANTENNA & GrOF THE RECEIVE

ANTENNA INdb"

290 INPUT Gr,Gt : PRINT. PRINT" 9. Gt=";Gt, "Gr=";Gr;*db"

300 PRINT:PRINT- ISTHE INPUT DATA CORRECT Y/N?"

310 INPUT A$

320 IF LEFTS(AS, I)="Y' OR LEFTS(AS, 1)='y THEN 690

3 330 PRINT: PRINT 'WHAT OF THE FOLLOWING 00 YOU WANT TO CHANGE?"
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340 PRINT: PRINT 1. THE OPERATING FREQ.?"

350 PRINT: PRINT "2. THE VEHICLES RADAR CROSSS SECTION?"

360 PRINT : PRINT '3. THE VELOCITY OF THE VEHICLES?"

370 PRINT: PRINT" 4. THE RANGE OF THE VEHICLES?"

3 0 PRINT PRINT "5. THE (S/N) ATTHE OUTPUT OF THE RECEIVER?"

390 PRINT: PRINiT"6. THE RECEIVER NOISE FIGLIRE?"
1 400 PRINT: PRINT 7. THE PLUMBING LOSSES?"

410 PRINT: PRINT "8. THE AIIENT TEMPERATURE?"

420 PRINT: PRINT " g. THE GAIN OF THE TRNSMIT & RECEIVE ANTENNA?"

430 INPUT CS

440 IF C$=" I- THEN PRINT: PRINT "ENTER THE OPERATING FREQ. fo IN GHz"

450 IF C$='1I THEN INPUT fo: PRINT: PRINT" I. fo=;fo;GHz": OT0 620

460 IF C$='2" THEN PRINT: PRINT ' ENTER THE RADAR CROSS SECTION OF THE VEHICLES RCS

INdbsm"

470 IF C$="2" THEN INPUT RCS: PRINT: PRINT" 2. RCS=';RCS;"dbsm": GOTO 620

480 IF C$='3" THEN PRINT: PRINT "ENTER THE TRAVELING SPEED OF THE VEHICLES U IN

"* ' .nmt/hrs"

490 IF C$=*3" THEN INPUT U: PRINT: PRINT" 3. U=';U;"ml/hrs": GOTO 620

500 IF C$='4" THEN PRINT: PRINT "ENTER THE RANGE THE RADAR WILL DETECT THE

VEHICLESR INMILES"

510 IFC$='4" THEN INPUT R: PRINT: PRINT" 4. R=";R;'mlles": GOTO 620

520 IF C$="'5" THEN PRINT: PRINT "ENTER THE (S/N) REQUIRED AT THE OUTPUT OF THE IF

AMPLIFIER SNout IN db"

530 IF C$="'5" THEN INPUT SNout : PRINT: PRINT "5. (S/N)out=";SNout;"db"• GOTO 620

540 IF C$='6" THEN PRINT: PRINT "ENTERTHE RECEIVER NOISE FIGURE F IN db"

550 IF C$='6' THEN INPUT F: PRINT : PRINT" 6. F=";F;"db" : GOTO 620

* 560 IF C$=7" THEN PRINT : PRINT "ENTER THE PLUMBING LOSSES Lp IN db"

570 IF C$="7" THEN INPUT Lp: PRINT : PRINT "7. Lp=";Lp;"db" : GOTO 620

580 IF C$='8" THEN PRINT: PRINT "ENTER THE NOISE TEMPERATURE OF THE RECEIVER To IN

KELVIN"

- 5g0 IFC$="8" THENINPUTTe:PRINT:PRINT"8.Ta=;Te;"Kelvin":GOT0620

600 IF C$="g" THEN PRINT: PRINT 'ENTER THE GAIN Gt OFTHE TRANSMIT ANTENNA &GrOF

THE RECEIVE ANTENNA IN db"

610 IFC$="9" THEN INPUT Gr.Gt: PRINT: PRINT" 9. Gt=",Gt, *Gr=';Gr:'db. GOTO 620

620 PRINT:PRINT" IS EVERYTHING O.K NOW?"
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630 INPUT B$

640 IF LEFT$(B$, I)=Y OR LEFT$(BS, l)='y" THEN GOTO 690

650 PRINT: PRINT "WHAT DO YOU WANT TO CHANGE AGAIN?"

670 PRINT: PRINT 'HIT ANY KEY IN YOUR KEYBOARD ANDEVERYTHING WILL WORK FOR YOU

MALAKA"

680 INPUT F$ "GOT0340

690 RETURN

700

710 PRINTS THE INPUT DATA

720

730 LPRINT: LPRINT TAB(30);" PROBLEM #13"

740 LPRINTTAB(30);"

750 LPRINT:LPRINT "GIVEN

760 LPRINT ---

-. 770 PRINT: PRINT * G IV E N"

* 780 PRINT ----

790 PRINT : PRINT" 1. fo=';fo;'GHz" SPC( 10); ": OPERATING FREQ."

800 LPRINT: LPRINT" 1. fo=';fo;'GHz" SPC(10);": OPERATING FREQ."

810 PRINT PRINT' 2. RCS=*;RCS;'dbsm" SPC(g);": VEHICLES RADAR CROSS SECTION"

820 LPRINT: LPRINT" 2. RCS=";RCS;"dbsm' SPC(9); ": VEHICLES RADAR CROSS SECTION'

830 PRINT: PRINT" 3. U=';U;'Ml/hrs" SPC(7);': VEHICLES'S TRAVELING VELOCITY"

840 LPRINT: LPRINT" 3. U=*;U;'mt/hrs" SPC(7); ":VEHICLES'S TRAVELING VELOCITY"

850 PRINT: PRINT *4. R=";R;'miles"SPC(9);": RADAR-VEHICLE RANGE"

860 LPRINT LPRINT "4. R=";R;'mlles" SPC(9);" : RADAR-VEHICLE RANGE"
870 PRINT: PRINT" 5. (S/N)out=';SNout;'db" SPC(5);" SIGNAL-TO-NOISE RATIO AT THE

OUTPUT OFTHERECEIVER"
880 LPRINT: LPRINT "5.(S/N)out=";SNout;'db" SPC(5);" :S IGNAL-TO-NOISE RAT I0 AT THE

OUTPUT OFTHERECEIVER"

890 PRINT PRINT" 6. F=;F;"db* SPC(I 0);": RECEIVER NOISE FIGURE"

900 LPRINT : LPRINT " 6. F=';F;"db" SPCC 10):' RECEIVER NOISE FIGURE"

910 PRINT: PRINT"7. Lp=';Lp;"db" SPC( 12); ": PLUMBING LOSSES"

920 LPRINT: LPRINT" 7. Lp=";Lp;"db" SPC(12);": PLUMBING LOSSES"

930 PRINT:PRINT" 8. 'e=';Ta;Kelvln" SPC(6);": AMBIENT TEMPERATURE*

940 LPRINT: LPRINT "8.To=";Ta'KelvIn" SPC(6):" AMBIENT TEMPERATURE"

950 PRINT:PRINT'9.Gt=';Gt; Gr=";Gr;" db" SPC(I);": TRANSMIT& RECEIVE ANTENINAS
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GAIN"
960 LPRINT :LPRINT "9. Gt=';Gt;" Gr=";Gr" db" SPC(1); " : TRANSMIT & RECEIVE ANTENNAS

GAIN"
970 RETURN

990 ' CALCULATION& PRINTOUT OF PART e:

1010 PRINT: PRINT: PRINT "PART e:"
1020 PRINT ------- :

1030 LPRINT LPRINT: LPRINT "PART 0:"

1040 LPRINT "----- :

1050 LET fo=fo* 10"9 : U=U*.447 : R=R* 16 10 : C=3 10"8

1060 LET fd=2*u*to/C :B=CINT(2*fd)
1070 PRINT: PRINT "B=*;B/ 1 000;'KHz'; ": RECEIVER BANDWIDTH"

1080 LPRINT: LPRINT' B=";B/ I000;"KHZ';" :RECEIVER BANDWIDTH"

*1090 RETURN

1110 CALCULATION & PRINTOUT OF PART b:

1130 PRINT: PRINT: PRINT "PART b:"

1140 PRINT .------

•1 1150 LPRINT: LPRINT: LPRINT "PART b:"

1160 LPRINT" ------

1170 LET K= 1.38* I0"-23 : TO=290 : F=F/I 0 F= I O'F Te=(F- I)TO

1160 LET SNout=SNout/10: SNout= 10"SNout
190 LET Slnp=K*(Ta+Te)*B*SNout : Slnp=CINT( 10*.4342945**LOG(Sl1np)+(LP/2)+30)

1200 PRINT: PRINT 'Stnp=';SInp;db m"; ": RECEIVER INPUT SIGNAL POWER"
1210 LPRINT: LPRINT "Slnp=";Stnp;'dbm"; ": RECEIVER INPUT SIGNAL POWER'
1220 RETURN

1230

1240 CALCULATION & PRINTOUT OF PART c:

1260 PRINT: PRINT: PRINT" PART c:"

-,,0 PRPfr T------
1280 LPRINT: LPRINT: LPRINT PART c:"

166

A A A

"-'p . . .? - .. " - .? --- ' ." -'" ''. . : .i. - 7 .'- .7.: ," - , " ' . - .? - . -i.i v - , - 1 - ." : - -', , .:.,
,,0 ,, . .: . .. .,.: .. .. . ... . . ., . ., -..:.. , .. ... .. ... ..: ..; , ,.. .,



. 1290 LPRINT -

1300 LETI=C/fo :Pl=3.14159 :Lbf=CSNG(10*.4342945**2*LOG(4*PI*R/1))
1310 PRINT: PRINT" Lbf=•;Lbf;"db'; *:ONE WAY FREE SPACELOSSES FOR TARGET VEHICLES AT

ARANGER=";R/ 16 I0;"mlles •

1320 LPRINT LPRINT" Lbf=";Lbf;db•; : ONE WAY FREE SPACE LOSSES FOR TARGET VEHICLES

ATARANGE R=';R/ 161 0;mlles'

1330 RETURN
i] 1 34* ** * * 4W4** ****4 *O**

.- 1350 ' CALCULATION & PRINTOUT OF PART d:

* 1370 PRINT: PRINT: PRINT• PARTd: •

1380 PRINT"----- :

1390 LPRINT:LPRINT:LPRINTPARTd: •

1400 LPRINT"-----

1410 LET RCS=RCS/10 :RCS= 10-RCS :G3= IO*.4342945a*LOG(4*PI*RCS/lp2)

01420 LET Pt=CSNG(Si np-Gst(2*Lbf-Gt-Gr)+(Lp/2))

1430 PRINT: PRINT' Pt=';. -'dbm"; : TRANSMITTER OUTPUT POWER'

1440 LPRINT: LPRINT Pt=';Pt;'dbm'; *:TRANSMITTER OUTPUT POWER"
4- 1450 RETURN
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PROBLEM' 13

"i! GIVEN

1.O 10 GHZ :OPERATING FREQ.
2. RCS= 0 dbsm VEHICLES RADAR CROSS SECTION

3. U= 100 mil/hrs VEHICLES'S TRAVELING VELOCITY
4. R= .5 miles RADAR-VEHICLE RANGE
5. (S/N)out= 15 db SIGNAL-TO-NOISE RATIO AT THE OUTPUT OF THE RECEIVER

6. F= 7.25 db RECEIVER NOISE FIGURE
7. Lp= 2 db PLUMBING LOSSES
8. Te= 300 Kelvin AMBIENT TEMPERATURE

9. Gtz 20 Gr= 20 db TRANSMIT & RECEIVE ANTENNAS GAIN

B=5.96 KHz: RECEIVER BANDWIDTH

PART D:

Slnp=- 113 dbm: RECEIVER INPUT SIGNAL POWER

*PART c:

L01= 110.558 db: ONE WAYFREE SPACE LOSSES FOR TARGET VEHICLES AT A RANGE R= .5 -rles

PART d:

Pt= 27.6663 dbm :TRANSMITTER OUTPUT POWER

I1-
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10 PRINT: PRINT TAB(30); "PROBLEM* W

20 PRINTTAB(30); ----

30 LPRINT: LPRINT TAB(30);" PROBLEM 14"

40 LPRINTTAB(30);"

50 PRINT :PRINT "ENTER THE OPERATING FREQ.O IN GHz"

60 INPUT fo: PRINT: PRINT* 1. fo=*;o;GHz"

70 PRINT: PRINT "ENTER THE *OF THE STAGGER PERIODS n"

80 INPUT n: PRINT: PRINT" 2. n=;n

90 PRINT : PRINT' ENTER THE STAGGER PERIODS n l,n2,n3,n4"

100 INPLT n l,n2,n3,n4: PRINT: PRINT 3.T I:T2:T3:T4=";nI':'n2":"n3":'n4

110 PRINT: PRINT' ENTER THE TIME AVERAGE Tavg IN sec."

120 INPUT Tavg: PRINT : PRINT "4 Tavg=";Tavg;"sec."

130 PRINT: PRINT: PRINT" G I V E N"

140 PRINT" ---

150 LPRINT: LPRINT: LPRINT "G I VEN"

" 160 LPRINT" -- -

, 170 LPRINT : LPRINT" 1. fO=";fo;"GHz" SPC(1O);": OPERATING FREQ."

180 LPRINT : LPRINT "2. n=";n SPC( 14);" * OF STAGGER PERIODS"

190 LPRINT: LPRINT "3.T 1 :T2:T3:T4=';n 1':"n2."n3":'n4;" : RATIO OF STAGGER PERIODS"

200 LPRINT :LPRINT '4. Toj-;Te'i;"'.; " TIME AVERAGE"

230 PRINT:PRINT" I.fo=";o;'GHz*SPC(IO);"OPERATINGFREQ."

240 PRINT: PRINT" 2. n=';n SPC(1O);" : *OF STAGGER PERIODS"

250 PRINT: PRINT" 3. TI :T2:T3:T4=*;n l'."n2":'n2":"n3":"n4; ": RATIO OF STAGGER PERIODS"

260 PRINT: PRINT "4. Tavg=";Tavg;"sec."; ":TIME AVERAGE"

270 PRINT: PRINT: PRINT" PART a:"

280 PRINT" -------
290 LPRINT. LPRINT : LPRINT" PART a:"

300 LPRINT" -----

310 LET SUM=n Il+n2+n3*n4

320 LET T I =n'n 1 /SUM'Tavg :T2=n'n2/SUMr'Tavg :T3=n*n3/SUM*Tovg:

330 LET T4=n*n4/SUM*Tevg

340 LET T I =CSNG(T 1 10^6): T2=CSNG(T2* 106) :T3=CSNG(T3* 10'6): T4=CSNG(T4* 10'6)

350 PRINT: PRINT" 1. T I =*;T I;"mlcroec.," 2.T2--,T2;'mIcrossc."

360 PRINT PRINT"3. T3:";T3;"mcrosec."," 4.T4T4;"mcrosec."

370 LPRINT LPRINT" 1. Ti =";T 1 ;"microsec.'," 2. T2';T2;"micr osec."
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M8 IPRINT:LPRINT 3.T3";T3;'MlCrOSeC.V 4dT4--;T4;mcrosec."
390 PRINT: PRINT: PRINT" PART V:
400 PRINT*-------
410 IPRINT: LPRINT: LPRINT *PART V:

420 LPRINT ------

430 LET C:3* 10'8: fo=fo* 10^9: 1=C/f 0

4 440 LET U Ibl=I ( I/Tavg)*( I/i .02)(SUM/n)
450 PRINT: PRINT * Ulbh=;CINT(U fbi);"Knots'; ': FIRST BLIND SPEED'
460 LPRINT : LPRINT Ul1bl=';CINT(Ul1bl);iKnots'; -: FIRST BLIND SPEED"

470 PRINT: PRINT * DO YOU WANT TO TRY AGAIN WORKER Y/N?'
480 INPUT~ AS
490 IF LEFT$(A$,1)=:Y OR LEFTS(A$, I )=' THEN 50

500 END
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PROLEM& 14

.! GiVEN

I. fo= I 6Hz : OPERATING FREQ.

2. n= 4 : OF STAGGER PERIODS
3. T :T2:T3:T4= 25: 30 :30: 27: 31: RATIO OF STAGGER PERIODS

4, Tevg= .001 Isc. : TIME AVERAGE

PART 8:

.T1= 884.956 mlcrosec. 2.T2= 1061.95 mlcrosec.

3. T3= 955.752 mlcrosec. 4.T4= 1097.35 mlcrosec.

0 PART b:

U 1bl= 8309 Knots
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10 PRINT: PRINT TAB(30); "PROBLEM 1 5'

20 PRINTTAB(30);"-

30 LPRINT : LPRINT TAB(30);" PROBLEM 1915"

40 LPRINT TAB(30);"

50 DIM N(50),A(50),B(50),W(50)

60 PRINT : PRINT 'ENTER THE OPERATING FREQ. to IN GHz"

70 INPUT to :PRINT: PRINT 1. f o=";fo;'GHz"

80 PRINT: PRINT" ENTERTHE P.R.F fp IN KHz"

90 INPUT fp: PRINT: PRINT "2. fp=";fp;'KHz"

100 PRINT: PRINT "ENTER NUMBER OF PULSE CANCELLER n, (maximum you can enter for this

progrem isn=4g)"
110 INPUT n: PRINT: PRINT" 3. n=';n

120 PRINT: PRINT 'ENTER FREQ. f IN HZ, WHERE THE CLUTTER REJECTION WILL BE

CALCULATED"

130 INPUT 1: PRINT : PRINT" 4. f1=;f;Hz"

140 PRINT: PRI NT "ENTER THE RADIAL VELOCITY OF THE TARGET Ur IN Knots"

150 INPUT Ur: PRINT: PRINT *5. Ur=';Ur;'Xnots"

160 *U*W**********

170 PRINTS THE INPUT DATA
180

* 190 LPRINT:LPRINT:LPRINT" 61VEN"

200 LPRINT"--- -

210 LPRINT: LPRINT" 1. fo=';fo;GHz" SPC(IO);"" OPERATING FREQ."

220 LPRINT LPRINT "2. fp=;fp;'KHz" SPC(I 0); :P.R.F"

230 LPRINT : LPRINT" 3. n=";n SPC(14);": NUMBER OF PULSE CANCELLER"

240 LPRINT : LPRINT" 4 ft';f;'Hz SPC( 11);" : FREQ, WHERE THE CLUTTER REJECTION WILL BE

CALCULATED"

250 LPRINT: LPRINT '5. Ur=';Ur;"Knots" SPC(6);": RADIAL VELOCITY OF THE TARGET"

260

270 CALCULATIONS FOR PARTS a,b,c,d

280

290 LETfo=fo*IO'9 : fp=fp*103 : C=310'8

300 LET l=C/fo : UIbI=CSNG(*ftD/1.02)

310 PRINT PRINT-:PRINT" PARTa:'

320 PRINT" -------
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330 LPRINT: LPRINT: LPRINT" PART a:"

340 LPRINT --

350 PRINT: PRINT "U lbl=";U I bl;'Knots";": FIRST BLIND SPEED"

360 LPRINT: LPRINT 'U Ibl=";UI bl;Knot$";" : FIRST BLIND SPEED"

370 PRINT: PRINT: PRINT" PART V

380 PRINT" -------

390 LPRINT: LPRINT: LPRINT" PART b:

400 LPRINT"------

410 FOR I=1 TO n-I

420 N(O)= I : N(I)=1
430 N(I)=N(I- I}*1

440 NEXTI

450 FORJ= I TO n

460 B(J)=J- 1

470 B(I)=t

480 B(o)= 1

4g0 A(O)= I

500 A(J)=B(J)*A(J- I) : PRINT A(J)

510 W(J)=(- 1 )(J- 1 )*N(n- 1 )/(N(n-J)*A(J))

520 NEXT J

530 PRINT :PRINT" 1. T = T2 = T3 =; I /fp;"sec.;" DELAYS OFTHE 4 PULSE CANCELER"

540 LPRINT LPRINT" I. TI = T2 = T3 ='; I /fp;'sec.; ': DELAYS OF THE 4 PULSE CANCELER'

550 PRINT: PRINT" 2.THE WEIGHTS OF THE 4 PULSE CANCELER ARE:": PRINT

560 LPRINT LPRINT" 2. THE WEIGHTS OF THE 4 PULSE CANCELER ARE ": LPRINT

570 FOR I1= TOn

580 PRINT" W(;I;'';'=";W(I)"."; : LPRINT"

590 NEXT I

600 PRINT: PRINT:PRINT" PART c:"

610 PRINT" ------

620 LPRINT: LPRINT' LPRINT" PART c:"

630 LPRINT"-----

640 LET PI=3.14159 : REJ.=CSNG(-60*.4342945m*LOG(SIN(PI*f/fp)))

650 PRINT: PRINT REJ.=";REJ.;db*;": CLUTTER REJECTION AT f=";f;"Hz"

5d') LPRINT: LPRINT 'REJ.=';REJ.;"db";": CLUTTERREJECTION AT f:";f;"Hz"

570 PRINT PRINT: PRINT" PART d:"

173

LAJ



60 PRINT ------

690 LPRINT: LPRINT: LPRINT" PART d:"

700 LPRINT -

710 LET fd=CSNG(.03*Ur/1)

720 PRINT:PRI fd';d;'HZ; DOPPLER FREQ. WHERETHE BIPOLAR VIDEO WILL

FLUCTUATE*

730 LPRINT: LPRINT "fd=';fd;*Hz'; *:DOPPLER FREQ. WHERE THE BIPOLAR VIDEO WILL

FLUCTUATEd

740 PRINT: PRINT "DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"

750 INPUT AS

760 IF LEFTS(A$,I 1)="'" OR LEFT$(AS, )="y THEN 60

770 END
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PROBLEM ' 15

G V E N

1. fo= 1 GHz :OPERATING FREQ.

2. f p= 1 KHZ P.R.F

3. n= 4 : NUMBER OF PULSE CANCELLER

4, f= 25 Hz FREQ. WHERE THE CLUTTER REJECTION WILL BE CALCULATED

5. Ur= 200 Knots :RADIAL VELOCITY OF THE TARGET

- PARTa

U Ibl= 294.118 Knots:FIRST BLIND SPEED

PARTb:

-:. I. T I = T2 = T3 =.001 sec.: DELAYS OF THE 4 PULSE CANCELER

2. THE WEIGHTSOF THE 4 PULSE CANCELER ARE:

W( 1)= 1.W(2)=-3.W(3)=3.W(4)=- .

REJ.= 66.3214db : CLUTTER REJECTION AT f= 25 HZ

PART a:

-, fd= 686.667 Hz: DOPPLER FREQ. WHERETHE 5 1POLAR VIDEO WILL FLUTJATE

-%17
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APPENDIX B

A listing of the Electronic Warfare computer programs is

provided as well as an output of the results for each one of

these programs.

I'-
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10 PRINT: PRINT TAD(30);"PROBLEM 01

I I PRINT TAB(30:" --

20 GOSUB 100:GOSUB850 :GOSUB 1O6O: GOSUB 1510

30 GOSUB 1620 : GOSUB 1750 : GOSUB 1890: GOSUB 2070: GOSUB 2261)

40 PRINT PRINT" DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA. t,,

50 INPUT DS

60 IF LEFT$(DS, 1)="Y* OR LEFT$(D$, )="y" THEN 20

70 END
LSO

gO INPUTS THt NTA

110 PRINT: PRINT "ENTERTHE OPERATING FREQ. fO IN MHZ"

120 INPUT tO: PRINT: PRINT" 1. fO=';fO;'MHZ"

130 PRINT: PRINT * ENTER THE PULSE WIDTH (long) TI IN MICSEC."

140 INPUTTI: PRINT PRINT" 2.T=-;T;"MICSEC"

150 PRINT: PRINT " ENTER THE PULSE WIDTH (short)Ts IN MICSEC."

160 INPUT Ts: PRINT: PRINT "3.Ts:';Ts;"MICSC."

170 PRINT: PRINT' ENTER THE PEAK OUTPUT POWER Pr IN KW"

180 INPUT Pr: PRINT: PRINT '4. Prz';Pr;'KW"

190 PRINT: PRINT "ENTER THE P.R.F fp IN HZ*

200 INPUT fp: PRINT : PRINT '5. fp=";fp;HZ'

210 PRINT: PRINT "ENTER THE BANDWIDTH (longpulse)Brl IN MHZ"

220 INPUT Bri : PRINT PRINT" 6. Brl=";Brl;"MHZ"

230 PRINT :PRINT "ENTER THE BANDWIDTH (short pulse) Brs IN MHZ"

240 INPUT Brs PRINT: PRINT' 7. Brs=';Brs;'MHZ"

250 PRINT: PRINT " ENTER THE ANTENNA SCAN FREQ. Wm IN R.P.M"

260 INPUT Wm: PRINT: PRINT" 8. Wm=";Wm;"R.P.M"

270 PRINT: PRINT" ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg."

280 INPUT A.8 : PRINT: PRINT" 9. A.B=';A.8;"Deg."

290 PRINT: PRINT" ENTER THE ELEVATION BEAMWIDTH E.B IN Deg."

300 INPUT E.B PRINT : PRINT" 10. E.B=;E.B;'Dsg.

310 PRINT: PRINT *ENTER THE ANTENNA NOISE TEMPERATURE To IN KELVIN"

320 INPUTTO:PRINT:PRINT" 1 I.Te:';Ta;KELVIN"

330 PRINT: PRINT " ENTER THE FALSE ALARM PROBABILITY If "

340 INPUT Pfa: PRINT PRINT" 12. Pfe=*;Pfe
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350 PRINT: PRINT" IS THE INPUT DATA CORRECT Y/N?"

360 INPUT A

370 IFLEFT$(A$,I)=Y" OR LEFTS(A$,I)='y THEN 820

380 PRINT : PRINT 'WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

390 PRINT- PRINT' 1. THE OPERATING FREQ.?"

S. 400 PRINT: PRINT" 2. THE PULSE WIDTH (long) ?

410 PRINT: PRINT" 3. THE PULSE WIDTH (short) ?"

420 PRINT: PRINT" 4 THE PEAK OUTPUT POWER"

430 PRINT:PRINT" 5. THE P.R.F"

440 PRINT: PRINT "6. THE BANDWIDTH FOR THE LONG PULSE?"

450 PRINT: PRINT "7. THE BANDWIDTH FOR THE SHORT PULSE?"

460 PRINT : PRINT "8. THE ANTENNA SCAN FREQ.?"

470 PRINT: PRINT "9. THE AZIMUTH BEAMWIDTH?"

480 PRINT:PRINT" I0. THE ELEVATION BEAMWIDTH?"
490 PRINT: PRINT" 11. THE ANTENNA NOISE TEMPERATURE?"

* 500 PRINT:PRINT" 12. THE FALSE ALARM PROBABILITY?"

510 INPUT C$

520 IFC$=" 1 THEN PRINT: PRINT "ENTER THE OPERATING FREQ. fO IN MHZ"

530 IF C$='1" THEN INPUT fO:PRINT:PRINT " 1LfO=';fO;"MHZ":GOTO 760

540 IF C$-"2" THEN PRINT: PRINT "ENTER THE PULSE WIDTH (long) TI IN MICSEC."

550 IF C$= 2" THEN INPUTTI : PRINT: PRINT" 2. T=';Tl;'MICSEC." : GOTO 760

560 IF C$='3" THEN PRINT: PRINT 'ENTER THE PULSE WIDTH (short) Ts IN MICSE."

570 IF C$='3" THEN INPUTTs: PRINT: PRINT" 3. Ts=';Ts;*MICSEC." : GOTO 760

580 IF C$="4" THEN PRINT: PRINT" ENTERTHE PEAK POWER OUTPUT Pr IN KW"

* 590 IF C$="4" THEN INPUT Pr: PRINT: PRINT '4. Pr=";Pr;KW": GOTO 760

600 IF C$="'5" THEN PR!NT: PRINT "ENTER THE P.R.F pf IN HZ"
610 IF C$="5" THEN INPUT p1f PRINT: PRINT "5. pf=';pf;'HZ": GOTO 760

* 620 IF C$='6" THEN PRINT: PRINT* ENTER THE BANDWIDTH (long pulse) tBrI INMIHZ"

630 IF C$="6 THEN INPUT Brl: PRINT: PRINT "6. Brl=*;Brl;"MHZ" : GOTO 760

640 IF C$='7" THEN PRINT: PRINT" ENTER THE BANDWIDTH (short pulse) Brs IN MHZ"

650 IF C$="7" THEN INPUT Brs PRINT: PRINT "7. Brs=';Brs;"MHZ": GOTO 760

660 IF C$=t8" THEN PRINT : PRINT " ENTERTHE ANTENNA SCAN FREQ. Wm IN R.P.M"

670 IF C$='8" THEN INPUT Wm : PRINT : PRINT" 8. Wm=';Wm;R.P.M". GOTO 760

6aO IF C$="51 THEN PPINT Pp.11,7"ENTER Till AZIMUTH BEAt1W!DTH A.8 IN Deg.'

590 It' C$= 9" THEN INPUT A.B: PRINT: PRINT "9. A8=";A.3a'Deg." GOTO 760
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700 IF C$= 10" THEN PRINT: PRINT "ENTER THE ELEVATION BEAMWIDTH E.0 IN Deg.*

710 IF C$= 10" THEN INPUT E.B: PRINT: PRINT' 10. E.B=*;E.B;"Dsg.": GOTO 760

720 IF C$=" II THEN PRINT: PRINTS ENTER THE ANTENNA NOISE TEMPERATURE Te IN KELVI'

730 IFC$='II" THEN INPUTTo: PRINT: PRINT" 1 I.Ta=";Ta;"KELVIN": GOTO 760

740 IFC$='! 2" THEN PRINT: PRINT ' ENTER THE FALSE ALARM PROBABILITY Pf.3"
750 IF C$='1 2" THEN INPUT Pf a: PRINT: PRINT" 12. Pfa= ";PIG;: GOTO 760

760 PRINT: PRINT" IS EVERYTHING O.K NOW?*

770 INPUT B$

780 IFLEFT$(B$,I)="Y" ORLEFT$(BS,1)=*'" THEN 820

790 PRINT: PRINT "WHAT DO YOU WANT TO CHANGE AGAIN?"

800 PRINT: PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU

MALAKA"

-10 INPITF$ :GOT0390

820 RETURN

830 "

840 PRINTS THE INPUT DATA

850
860 LPRINT : LPRINTTAB(30); PROBLEM' 1"
870 LPRINTTAB(30);"--------

880 LPRINT:LPRINT " G I V E N"
890 LPRINT"-------

900 PRINT: PRINT GIV EN"

920 LPRINT : LPRINT" I. fO=";fO;MHZ'TAB(20);": OPERATING FREQ."

930 LPRINT : LPRINT "2.T1=";TI;"MICSEC." TAB(20);" : PULSE WIDTH (long)"

940 LPRINT :LPRINT 3.Ts=';Ts;MICSEC. " TA5(20);" PULSE WIDTH (short)"

950 LPRINT : LPRINT "4. Pr=';Pr;"KW" TAB(20);" : PEAK OUTPUTPOWER"

960 LPRINT : LPRINT" S. fD=";fp;HZ" TAB(20);" : P.R.F"

970 LPRINT : LPRINT "6. Brl=';Brl;'MHZ'TAB(20);" : BANDWIDTH (long pulse)"

980 LPRINT: LPRINT 7. Brs=";Brs;"MHZ"TAB(20);'": BANDWIDTH (short pulse)"F 990 LPRINT: LPRINT "8. Wm=;Wm;'R.P.M TAB(20);": ANTENNA SCAN FREQ."

1000 LPRINT: LPR INT" g. A.B=";A.B;'Deg." TAB(20);": AZIMUTH BEAMWIDTH"

1010 LPRINT LPRINT" I0.E.B=";E.B;"Deg." TAB(20);" : ELEVATION BEAMWIDTH"

10'0 LPRINT :LPRINT" I .Te=o;Ta;'KELVIN TAB(20);": ANTENNA NOISETEMPERATURE"

1030 LPR, "JT LPINT 12. Pfa=' Pf: TAB(20);". FALSE ALARM PROBABILITY"

1040 RETURN
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1060 CALCULATION & PRINTOUT FOR PART a

1080 PRINT: PRINT:PRINT' PART a:*
1090 PRINT -------

1100 LPRINT: LPRINT: LPRINT "PART a:*

1110 LPRINT -----

1120 PRINT: PRINT "ENTER RADAR'S CROSS SECTION OFTARGET Sav IN sq.m"

1130 INPUT S
1140 PRINT: PRINT "ENTERTHE PROBABILITY OF DETECTION Pd"

1150 INPUT Pd

1160 PRINT: PRINT" ENTERTHE RECEIVER'S NOISE FIGURE Fl INdb"

1170 INPUT F I

1180 LET n=CINT(A.B*fp*60/(360*Wm))
1190 PRINT : PRINT" FROM Fig. 2.8(a) (SKOLNIK Pg.3 I) YOU CANFIND THE INTEGRATION I MR.

FA CTOR ItI(n) I Ndb"
1200 PRINT: PRINT"SINCE YOU KNOW:'

1210 PRINT: PRINT" (a). n=A.B*fp*60/(360*Wm)=';n;": *OF HITS INTEGRATED"

1220 PRINT: PRINT "(b). Pd=';Pd;" : PROBABILITY OF DETECT ION"

1230 PRINT PRINT " ENTERTHE INTEGRATION IMR. FACTOR I1(n)(numerlc value)"

1240 INPUT Ii

1250 PRINT: PRINT' FROM Fig. 2.7 (SKOLNIK Pg. 28) YOU CAN FIND THE (S/N) I IN db"
1260 PRINT: PRINT 'ENTER THE (S/N) I IN db"

•4 '1270 INPUT A

1280 LET TO=290 *KELVIN

I290 LET K= 1. 38* 10- 23 'BOLTZMAN'S CONSTANT

0 1300 LET PI=3.1415g

1310 LET C=3* 108 'm/s

1320 LET fO=fO*10'6 'convertlon from MHz to Hz

41 1330 LET Br=Brl* 10'6 convertlon from MHz to Hz

1340 LET Prl=Pr* 103 convertlon from MW to W

1350 LET 1=C/tO 'm/sII 1360 LET G=41250I/(A.8*E.B) 'ANTENNA GAIN
1370 LET Ae=I'2*G/(4*PI) antenna effective operture
1380 LET F2=F I 10: F3 I O'F2
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1390 LETTe=(F3 )*TO

1400 LET 8=K*TO*('a+Te)*Brl/290

1410 LETAI=A/I0:A2=IO^AI

1420 LET R=CSNG(SQR(SQR(Pr*G*Ae*S*I1((4*PI)'20*A2)))) 'long pulse

1430 LET RI =CSNG(R*( 115)(1/4)) 'short pulse
1450 PRINT: .PRINT"* I (a).

R=Pr*G*A*Sav*n*E(n)/((4*Pl)'2*K*(Ta+Te)*Brl*(S/N)max.)'( 1 /4)=;R/ OOOIKM""

MAX. DETECTION RANGE FOR THE LONG PULSE"
1460 PRINT: PRINT" 2(a). R I =R*( /5)( 1 /4)=*;R I / 1 000;'KM";" : MAX RANGE FOR THE SHORT

PULSE"

1470 LPRINT:LPRINT" l(a).

R=Pr*G*Ae*Sav*n*Ei(n)/((4*PI)'2*K(ToTe)*Brl*(S/N)max.)'( 1 /4)=-;R/ I 000;"KM';"

MAX. DETECT ION RANGE FORTHE LONG PULSE"

480 LPRINT: LPRINT 2(a). R I =R*( 1/5)'( I /4=';R I/ I 000;'KM'; ' MAX RANGE FOR THE SCZ

PULSE"

1490 RETURN

1510 ' CALCULATION& PRINTOUT FOR PART b:
M1 520'************* * * ** ** 4*t*

1530 PRINT: PRINT: PRINT "PART b:"

15410 PRINT .-------

1550 LPRINT:LPRINT: LPRINT "PART b:"

1560 LPRINT ------

1570 LETRu=CSNG(C/(2*fp))

1580 PRINT: PRINT I (b). Ru=";Ru/1000;"KM": MAX. UNAMBIGUOUS RANGE"

1590 LPRINT: LPRINT" 1 (b). Ru=";Ru/ I 000;"KM" ": MAX. UNAMBIGUOUS RANGE"
1600 RETURN

16 1 * * 4 4 4* 4W

1620 CALCULATION& PRINTOUT FOR PART c:

1640 PRINT: PRINT:PRINT'PART c:"

'" 1650 PRINT" -----

1660 LPRINT: LPRINT: LPRINT 'PART C:"

1670 LPRINT -------

1680 PRINT. PRINT "ENTER THE RADAR CROSS SECTION IN dbsm"
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1690 INPUTSIav

1700 LET R2=CSNG(R/1000 10(114))

1710 PRINT : PRINT I (c). R2= 10( I/4)*R=";R2;"KM"; *RANGE AT WHI CHTHE AIRCRAFT WILL BE
DETECTED FOR R.C.S= 1 Osq.m & FOR THE LONG PULSE"

.720 LPRINT: LPRINT" I(c). R2= 1 0( 1/4)*R=';R2;'KM';" RAINGE AT WHICHTHE AIRCRAFT '/'LL BE

DETECTED FOR R.C.S= I Osq.m &FORTHE LONG PULSE'

1730 RETURN

- 1750 * CALCULATION& PRINTOUT FOR PART d:

1770 PRINT: PRINT: PRINT "PART d:"

1780 PRINT "--------

1790 LPRINT : LPRINT : LPRINT 'PART d:"

1800 LPRINT-------

1810 PRINT: PRINT' ENTER THE RADAR ANTENNA HEIGHT ABOVE THE SEA hi INft"
* 1820 INPUT hI

1830 LET h2=(R2/1.61 -SQR(2*h 1 ))'2

1840 LET h2=CSNG(h2/2)
1850 PRINT: PRINT" I (d). h2=R2(ml)-SQR(2*h I (ft)))/2=";h2;" ft";" :MIN. ALTITUDE AT WHICH

THE RADAR CAN SEE THE TARGET"
1860 LPRINT :LPRINT" 1(d). (h2=R2(ml)-SQR(2*h 1 (ft)))/2=";h2; ft'; * MIN. ALTITUDE AT WHICH

THE RADAR CAN SEE THETARGET"

1870 RETURN

1890 * CALCULATION& PRINTOUT FOR PART e:

1910 PRINT: PRINT: PRINT" PARTe:

1920 PRINT"

1930 LPRINT: LPRINT: LPRINT "PART e:"

1940 LPRINT ---------
950 PRINT: PR INT ENTER THE CIRCULARY POLARIZED ANTENNA'S GAIN GO IN db"

1960 1INPUT GO
1970 LET G 1 =GO/10: G2=100G1

1980 PRINT: PRINT ENTER THETOTAL SYSTEM LOSSES Ls IN db"

1990 INPUT Ls
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2000 LET Lsl=Lsi1O:Ls2=1O0tsI

20 1 OP=Pr*G*1'2*132((4*PlI)'2*(R2 I 0O)2*L3.2)
2020 LET P=CSNG( 1 O.4342945*LOG(P)+30)
2030 PRINT: PRINT" 1(e). P=Pr*G*1 2*G2/((4P)2*R22*Ls)=:;P;dbm';":5 INGLE P'JLS-E r~C'/E;

AT THE ANTENNA TERM INAILS OUTPUT'
2040 LPRINT:LPRINT" l (e). P=Pr*G*1 2*G2/((4P)2R22*Ls) ';P;*dbMV;: SINGLE PULSE

POWER AT THE ANTENNATERIINALS OUTPUT"
2050 RETURN

2070 'CALCULATION& PRINTOUT FOR PART f:

a,2090 PRINT: PRINT: PRINVPARTf:"

2100 PRINT ------
2110 LPRINT: LPRINT: LPR INTPART f:
2120 LPRINT -------

2130 LET K1I:=1640

2140 LETK2=400

2150 LETT=T110-6
2 160 LETCf =410 +0 /(T1 *Bri))'2)*(tp/K 1)'( 1/3)
2170 LET Cf I =41( 10 ( CBrl))'2)*(f p/K2^(l 1/3)
2100 LET Cf =CSNG( I 0*.4342945**LDG(Cr))

2190 LETCf1=CSNG(1*.434245*.LOG(Cf 1))
2200 PRINT: PRINT - (t). Cf=4/( 1+( I/(T1*BrI))y2)*(fp*K)C I /3)=";Cl"db'; ":CAMIOUFLAGE

* FACTOR FORK=";K 1
2210 PRINT: PRINT"2(). Cf I :4/( I.( I/CT1*BrI ))2)(fp*K)'( I/3)l=';Cf 1 ;dbl; -: CAMOUFLAGE

FACTOR FORK=';K2
2220 LPRINT: LPRiNT" l (f). Cf =4/( I .( /(T1*Brl))2)*(tp*K)'(1I/3)=";C;db";":CAMOUFLAGE

j . FACTOR FORK="IC1

2230 LPRINT: IPRINT -2(f). Cfl=4/(1 +(l1/(T1*Br1))^2)(fp*K)I( 1/3)=';Cf 1 ;db";*: CAMOUFLAGE
FACTOR FORK=";K2

2240 RETURN

2260 CALCULATION& PRINTOUT FOR PART g

* 2280 PRINT: PRINT: PRINT"PARTg:'
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'2290 PRINdT ------

2300 LPRINT: LPRINT: LPRINT'PARTg

a.2310 LPRINT --------

2320 PRINT: PRINT 'ENTER THE VALUE OF THE S/J IN db'

2330 INPUTC 1: C2=C I/10: C3= IO'2

2340 PRINT: PRINT ENTER THE SURNTHROUGH RANGE Rb INn.mlles"

2350 INPUT Rb

2360 LET Rb=Rb* 1.85 103l

2370 PRINT: PRINT' ENTER THE THE FREQ. Br IN MHz THE JAMIMER TRANSMITS'

2350 I NPUT Or : Br=Br* 10'6

2390 PRINT: PRINT'- ENTER THE GAIN OF THE JAMMING ANTENNA GJ IN db"

2400 iNPUT 6) : Cj I=Cj/ 10O CJ2=lOCj I
241Pj =CSNG(Pr*G*Sl1ay*LS2*C3/(4*PI *Rb'2*BrI*cj 2))

242(Pj I =CSNG(PrG*S I v*Ls2*C3/(4*PI*RDV2*8r*CJ2))

2430 PRINT :PRINT" - (g).PJ=Pr*G*Sav*Ls*(S/J)/(4*PI *Rb'2*Brl*Cj)=..Pj* 10'6;'W/MHz*;".

JAMMER OUTPUT POWER FOR LONG PULSE'

2440 PRINT: PRINT" 2(g). PJ =Pr*6*Sav*Ls*(S/J)/(4wPI *Rb'2*0rNC 1)=';PJ 1 6;*W/MHz";-
a,.- .~JAMMEROUTPUT POWERFORBr=Br/ 1 06;'MHz

2450 LPRINT :LPRINT' 1(g). PJ=Pr*G*Sav*Ls(S/J)/(4*PI*Rbr2Br1*Cj)=';PJ 0'6;"W/MH2Z7:

JAMMER OUTPUT POWER FOR LONG PULSE*

* ,a.2460 LPRINT : LPRINT' 2(g). PJ =Pr4G*Sav*Ls*(S/J)/(4*PRb25rltI)=';Pj I*1 0'6;"W/IHZ';":

JAMMEROUTPUT POWERFORBr=Br/ 0'6;"MHz

2470 RETURN
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PROBLEM ' 1

GIVEN

1. fO=5600 MHZ :OPERATINGFREQ.

2. Tl= 1.3 MICSEC. : PULSE WIDTH (long)

3. Ts= .25 MICSEC.: PULSE WIDTH (short)

4. Pr= 200 KW PEAK OUTPUT POWER

5. fp= 650 HZ P.R.F

6. Brl= 1 MHZ BANDWIDTH (long pulse)
7. Brs= 5 MHZ BANDWIDTH (short pulse)

8. Wm= 16 R.P.M ANTENNA SCAN FREQ.

9. A.B= 1.5 Deg. AZIMUTH BEAMWIDTH

10. E.B= 14 Deg. ELEVATION BEAMWIDTH

I I. To= 75 KELVIN •ANTENNA NOISE TEMPERATURE

12. Pfe= 1 E- 1 : FALSE ALARM PROBABILITY

PART a:

I (o).R=Pr*G*Ae*Sav*n*Ei (n)/((4*Pl)'2*K*(Ta Te)*Brl*(S/N)mex.)C( 114)= 47.972 KI: MAX

DETECTION RANGE FORTHE LONG PULSE
2(a). R I =R*( 1 /5)'( I 14)= 32.0808 KM: MAX RANGE FOR THE SHORT PULSE

'ART b:

I(b). Ru= 230.769 KM: MAX. UNAMBIGUOUS RANGE

PART c:
p...I (c). R2= I 0( I/4)*R= 65.3076 KM RANGE AT WHICHTHE AIRCRAFT WILL BE DETECTED FOR

R.C.S= I Osq.m& FOR THE LONG PULSE

PART d:

l(d). h2=R2(ml)I-SQR(2*h l(ft)))/2= 923.902 ft :MIN. ALTITUDE AT WHICH TPE RADAR CA' 3EE

I""TETAPSET
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4, lip PART s
I (e).P=PrIG*1VrG2/((4*P I)2*R22*Ls)=-33.0829 dbm: SINGLE PULSE POWER ATT'clE

'V'. ANTENNATERMINALSDUTPUT

MI M(. Cf =410 +( 1T /(*Bri))2)*( P*K)'(1 /3)= 2.662 18 db: CAMOUFLAGE FACTOR FOR K= 64rC

2(f). Cf 1 =4/(0 +(I1 /CT1 Bri)Y^2)*(f p*K 11 /3)= 4.70479 db: CAMOUFLAGE FACTOR FOR K= 400

I (g). PJ =Pr*G* Say*L9 *(S/J)/(4*P I*Rb'2*BrI *CJ )= S.76 344W/MH z:J AMMER OULT PUT POWER
FOR LONG PULSE

2(g). PJ=Pr*G*Sav*Ls*(S/J)/(4*PI *Rb'2*5r*CJ)=. 19211 5W/MHZ :JAMMER OUTPUT POWER FOR
Or370 MHz

%.4
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10 PRINT: PRINT TAB(30)" PROBLEM '2"

20 PRINT TAB(30); "-----

30 GOSUBI 0 GOSUB 530 : GOSUB 69O

40 GOSUB 840 GOSUB 950: GOSUB 1060

50 PRI NT: PRINT " DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"

60 INPUT O$

70 IF LEFT(DS, 1)="V" OR LEFT$(D$, 1)="y THEN 30

80 END

90

100 INPUTS THE DATA

120 PRINT : PRINT" ENTERTHE OPERATING FREQ. fO IN MHz'

130 INPUT -0: PRINT:PRINT" 1. fO=";fO;'lHZ"

140 PRINT: PRINT "ENTER THE DIMENSIONS OFTHE RECTANGULAR TRANSMIT ANTENNA dl .d2

IN METERS"

150 INPUT dl,d2:PRINT:PRINT*2.dlxd2='dI "x'd2"m"

160 PRINT: PRINT ENTERTHE "OF ELEMENTS OF THE RECT. ARRAY,TRANSMIT ANTENNA N"

170 INPUT N I : PRINT: PRINT" 3. N=';N 1

180 PRINT: PRINT 'ENTER THE ILLUMINATION EFFICIENCY OFTHE ARRAY Rr"

!90 INPUT Rr: PRINT PRINT" 4. Rr=';Rr

200 PRINT: PRINT *ENTER THE TOTAL LOSSES LS (reed & phase shifter) IN db"

210 INPUT Ls PRINT : PRINT" 5. Ls=";Ls;*db"

220 PRINT: PRINT " IS THE INPUT DATA CORRECT Y/N?"

230 INPUT AS

240 IF LEFTS(AS, 1 )=Y' OR LEFT$(A$, 1)='y" THEN 500
250 IFAS=Vg THEN 1041

260 IF 4 ,"N" THEN PRINT" WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

270 IF A$="n" THEN PRINT" WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

2180 PRINT: PRINT" 1. THE OPERATING FREQ.?"

290 PRINT: PRINT '2. THE DIMENSIONS OFTHE RECT.ARRAY?"

300 PRINT: PRINT" 3. *OF THE ELEMENTS?"

310 PRINT:PRINT 4 ILLUMINATION EFFICIENCY?"

320 PRINT: PRINT' - itHE TOTAL LOSSES?"

33 0 !NPUT C$

340 IFC$-"1" THEN PRINT: PRINT ENTER THE OPERATING FREQ.fO INMHZ"
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350 IFC$--'I THEN INPUT to: PRINT: PRINT 1. fO=;1O;'MHZ': GOTO 440

360 IF C$='2" THEN PRINT: PRINT "ENTER THE DIMENSIONS OF THE RECT. TRANSMIT

ANTENNA d I,d2 INMETERS"

370 IFC$='2" THEN INPUTd,d2:PRINT :PRINT*2. dlxd2="d1 'x'd2"m" :GO'T 440

380 IF C$=*3* THEN PRINT: PRINT ENTER THE OF ELEMENTS OF THE RECT.

ARRAY,TRANSMIT ANTENNA N

3g0 IFC$="3" THEN INPUT NI :PRINT: PRINT" 3. N=';N1 :GOTO440

400 IF C$=*4" THEN PRINT: PRINT' ENTER THE ILLUMINATION EFFICIENCY OF THE ARRAY Rr"

410 IFC$="4" THEN INPUT Rr: PRINT: PRINT 4. Rr=';Rr : SOTO 440

420 IF C$='5 THEN PRINT: PRINT "ENTER THETOTAL LOSSES Ls (feed& phase shifter) IN

db"

430 IF C$='5" THEN INPUT Ls: PRINT : PRINT '5. Ls=';Ls;"db" : GOTO 440

440 PRINT: PRINT" IS EVERYTHING O.K NOW?'

- 450 INPUTBS

* 460 IF LEFTt(BS. I)=Y" OR LEFTS(B$, 1)=*'" THEN 500

470 PRINT: PRINT "WHAT DO YOU WANT TO CHANGE AGAIN?"

40 PRINT: PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU

MALAKA"

490 INPUT F$ : GOTO 280

500 RETURN

520 PRINTS THE INPUT DATA
530 *

540 LPRINT: LPRINTTAB(30); PROBLEM *2'

550 LPRINT TAB(30); -

560 LPRINT: LPRINT "G I V E N'

570 LPRINT --------

580 LPRINT : LPRINT" 1. fO=';10;"MHZ TAB(20)" : OPERATING FREQ."

590 LPRINT : LPRINT " 2. d I xd2=d I "x" d2 m TAB(20); ': DIMENSIONS OF THE ARRAY

ANTENNA"

600 LPRINT : LPRINT "3. N=';N I TAB(20); " :OF ELEMENTS OF THE ARRAY ANTENNA'

610 LPRINT: LPRINT" 4. Rr=';RrTAB(20); ": ILLUMINATION EFF. OF THE ARRAY"

620 LPRINT: LPRINT "S. LS=';Ls;d b" T AB(20); " TOTAL LOSSES (feed & phase shifter)"

670 RETURN

%.1
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690 CALCULATION& PRINTOUT FOR PART a:

710 PRINT -PRINT: PRINT *PART a:'

720 PRINT ---------
77 L400'NT,: -FR!17 LPRINT ' PART V

740 LPRINT --------

750 LETLSI=IO(-LS9/1O) :A=dt*d2

760 LETAe=RrLSIA :P1=3.14159

770 LETC:3*10'8 :fO=f0*10^6

780 LET 1=C/1O: GP=CSNS(4PI*Ae/(1'2))
790 LET Gp 1 =CSNG( I0*.4342945-*LOG(Gp))
800 PRINT : PRINT* 1(a). GP=4PI Ae/(I 2)=;Gp;' numeric"; or;GplI;"db";: POWER GAIN"

510 LPRINT: LPRINT" I~a). GP=4*PI*Ae/(1F2)= ;Gp;numerlc"; or";GpI;"db", -: PO E OA

820 RETURN

54' CALCULATION& PRINTOUT FOR PART b:

560 PRINT: PRINT: PRINT" PART b:'
570 PRINT "-----

860 IPRINT: LPRINT : LPRINT ' PART V:

890 LPRINT--------

900 LET TH=CSNG(SQR(41I2501/CGo/Ls 1)))
910 PRINT: PRINT' 1(b).TH=SQR(41 250I/(Gp/Ls I ))=';TH;tDeg.";": BEAMWIDTI4"

920 LPRINT: LPRINT" I (b).TH=SQR(4 12501/(Gp/Ls I ))=";TH;"Deg.';: BEAMWIDTH"
930 RETURN

950 CALCULATION& PRINTOUT FOR PART c:

970 PRINT: PRINT: PRINT"PART c:*

960 PRINTV------
*990 LPRINT: LPRINT: LPRINV PART c:"

1000 LPRINT----

10 10 LET d=CSNG(d I /SQR(N 1)

020 PRINT: PRINT' I (C). dzd 1 /SQR(W )="-d; SPACING SETWEE,"I ELE 'E1T,-

* 1030 LPRIINfI LPRINT' I (c). d=d I /SQR(N 1 )Ad;: SPACING BETWEEN ELEMENTS"
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1Q40 RETURN

1060 CALCULATION& PRINTOUT FOR PART d:
1 0 7 4*4 *4W4W *4I4444

1O0O PRINT: PRINT: PRINT" PART d:

1090 PRINT -------

1100 LPRINT: LPRINT: LPRINT "PART d:

1110 LPRINT"-----

1120 LET GdeI=CSNG(12795/N 1)

1130 LETGdel l=CSNG(10*.4342945**LOG(Gdel))

1140 PRINT: PRINT" I (d). Gdol=Gdarray/Gdgroup=';Gdel;"numenc';" or";Gd lI 1;db";":

DIRECTIVE GAIN OF AN ELEMENT"

1150 LPRINT: LPRINT 1(d). GOdel=Gdarray/Gdgroup=';Gdel;"numerl c";' or";Gdel 1 dfl"'.

DIRECTIYE GAIN OF AN ELEMENT"

1160 RETURN
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PROBLEM*2

GIVEN

1. fO= 442 MHZ : OPERATING FREQ.

2. dIxd2= 26.9 x26.9 m DIMENSIONS OF THE ARRAY ANTENNA

3. N= 5184 *OF ELEMENTS OF THE ARRAY ANTENNA

4. Rr= .65 ILLUMINATION EFF. OF THE ARRAY

5. LS= 1.5 0b :TOTAL LOSSES (feed & phase shlfter)

PART a:

t(a). Gp=4*PI*Ae/(IP2)= 8476.75 numeric or 39.2823 db: POWER GAIN

PART bo

1(b).TH=SQR(412501/(Gp/Ls I ))= 1.79307 Deg. :BEAMWIDTH

PART C:

I (c). d=dI I/SQR(N I)= .37361 1 SPACING BETWEEN ELEMENTS

PART d:
1 co). Gael=Gdarray/Gdgroup= 2.46617 numeric or3.92375 at DIRECTIVE GAIN OF AN ELE1E,1, -t
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10 PRINT: PRINT TAB(30)" PROBLEM *3
' 20 PRINT TAB(30);" ------

30 GOSUB 100 : GOSUB 1170

40 GOSUB 1430: GOSUB 1590

50 PRINT: PRINT" DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?"

60 INPUT D$

70 IF LEFT$(D$, 1 )='" OR LEFT$(D$, 1)="Y" THEN 30

80 END

100 INPUTS THE DATA

130 PRINT: PRINT "ENTER THE OUTPUT PEAK POWER Pt IN W"
140 INPUT Pt: PRINT •PRINT' 1. Pt=*;Pt;"W"

150 PRINT: PRINT " ENTER THE BORESIGHT ANTENNA GAIN Gt IN db"

160 INPUT Gt : PRINT: PRINT" 2. Gt=';Gt;*db"

170 PRINT: PRINT "ENTER THE OPERATING FREQ. fO In GHz"

180 INPUT ro: PRINT: PRINT 3. fO=';fO;GHz"

190 PRINT: PRINT" ENTER THE RF LOSSES Lp IN db"

," 200 INPUT Lp : PRINT: PRINT" 4. Lp=";Lp;"db"

210 PRINT:PRINT "ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MHz"

220 INPUT Bn: PRINT : PRINT - 5. Bn=';Bn;MHHz"
230 PRINT: PRINT "ENTER THE RECEIVER NOISE FIGURE F IN db"

240 INPUT F: PRINT : PRINT" 6. F=";f;"db"

- 250 PRINT : PRINT " ENTER THE PULSE WIDTHT IN ns"

260 INPUT T : PRINT PRINT" 7.T=";T;'ns"

270 PRINT: PRINT" ENTER THE P.R.F f p IN KHz"

. 280 INPUT (p : PRINT: PRINT' 8. fp=";fp;"K4z"

290 PRINT : PRINT "ENTERTHE INTEGRATION TIME TI IN msec."

300 INPUT Ti : PRINT : PRINT" 9.TI=';TI;"mgec."

310 PRINT: PN.NT" ENTER THE WEATHER ATTENUATION At IN db/KM"

320 INPUT At:PRINT:PRINT" 10. At:";At;"db/KM"

330 PRINT: PRINT "ENTER THE SKY TEMPERATURE To IN KELVIN"

340 INPUTTo:PRINT:PRINT 1 I.To=';Ta;"KELVIN"
-. 350 PRINT: PRINT "ENTER THE TARGET RCS IN dbsm"

360 INPUT RCS: PRINT: PRINT" 12. RCG=';RCS;"dbsm"
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370 PRINT : PRINT *ENTER THE DES. OFTHE PENCIL BEAM PB (part b)"
380 INPUT PB: PRINT: PRINT" 13. PB:';PB;"Deg."
390 PRINT: PRINT" ENTER THE (J/S) JS IN db (part b)"

400 INPUT JS: PRINT: PRINT" 14. (J/S)=';JS;*db"
410 PRINT:PRINT" ENTER THE RANGER IN KM(partc)

420 INPUT R: PRINT : PRINT" 15. R=";R;"KM"
430 PRINT: PRINT * ENTERTHE RF LOSSES RFL IN db (pert d)"

440 INPUT RFL: PRINT : PRINT" 1 6. RFL=;RFL;*db"
450 PRINT: PRINT* ENTER THE ILLUMINATION EFFICIENCY rl (part d)"
460 INPUT rl :PRINT :PRINT" 17. rl=';rl
470 PRINT: PRINT - ENTER THE CROSSOVER LOSSE Lco IN db"
480 INPUT Lco: PRINT: PRINT" I .Lco-";Lco;'db"

490 PRINT: PRINT " IS THE INPUT DATA CORRECT Y/N?"

500 INPUT AS
510 IFLEFT$(A$,I)="Y"ORLEFT$(A$,I)="g" THEN S1150

520 PRINT "WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"
530 PRINT: PRINT" 1. OUTPUT PEAK POWER7

540 PRINT: PRINT "2. THE BORES IGHT ANTENNA GAIN?"

550 PRINT: PRINT * 3. THE OPERATING FREQ.?"

560 PRINT : PRINT" 4. THE RF LOSSES?"

570 PRINT: PRINT' 5.THE RECEIVER'S NOISE BANDWIDTH?"
580 PRINT: PRINT "6. THE RECEIVER'S NOISE FIGURE?"
590 PRINT: PRINT"7.THE PULSE WIDTH?"

600 PRINT : PRINT "8.THE P.R.F?"
610 PRINT: PRINT "9. THE INTEGRATION TIME?"

620 PRINT: PRINT" 10. THE WEATHER ATTENUATION?"
630 PRINT: PRINT" 11. THE SKY TEMPERATURE?"

640 PRINT: PRINT' 12.THE TARGET'S RCS?"

650 PRINT: PRINT" 13.THE PENCIL BEAMWIDTH?"

660 PRINT:PRINT" 14.THE (J/S)RATIO?"

670 PRINT:PRINT" IS.THERANGE?"

680 PRINT. PRINT" 16.THE RF LOSSES (or pert c?"

690 PRINT: PRINT" 17.THE ILLUMiNATIONEFFICIENCY?"

700 PRINT:PRINT* 18.THE CROSSOVER LOSS?'
710 INPUT C$
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720 IF C$= " THEN PRINT: PRINT * ENTER THE OUTPUT PEAK POWER Pt IN W"

730 IFC1='" THEN INPUT Pt:PRINT:PRINT* 1.Pt=";Pt;'W':GOTO 1090

740 IF C$=*2" THEN PRINT: PRIPIT" "ENTER THE BORESIGHT ANTENNA GAIN Gt IN db"

750 IF C$='2" THEN INPUT Gt : PRINT : PRINT" 2. Gt=";Gt;*db" GOTO 1090

760 IF C$'3 THEN PRINT: PRINT ENTERTHE OPERATING FREQ. fO In GHz"

770 IF C$="3" THEN INPUT fO: PRINT: PRINT "3. fO=';fO;"GHz": GOTO 1090

780 IF C$='4" THEN PRINT: PRINT * ENTER THE RF LOSSES Lp IN db"

790 IF C$=&4" THEN INPUT Lp: PRINT : PRINT" 4. Lp=";Lp;*db": GOTO 1090

800 IF C$=*5" THEN PRINT: PRINT "ENTERTHE RECEIVER NOISE BANDWIDTH On IN MHz"

820 IF C$='5" THEN INPUT Bn: PRINT: PRINT" 5. Bn=';Bn;"MHz": GOTO 1090

830 IF C$='6" THEN PRINT : PRINT" ENTER THE RECEIVER NOISE FIGURE F IN db"

840 IF C$="6" THEN INPUT F : PRINT : PRINT '6. F=';f;"db": GOTO 1090

850 IF C$="7" THEN PRINT: PRINT" ENTER THE PULSE WIDTHT INns"

860 IF C$="7" THEN INPUT T: PRINT : PRINT" 7. T=';T;'ns": GOTO 1090

870 IF C$="8" THEN PRINT : PRINT 'ENTER THE P.R.F lp IN KHz"

* 880 IF C$="8" THEN INPUT fp: PRINT: PRINT' 0. fp=";fp;KHz" : GOTO 1090
890 IF C$='9" THEN PRINT: PRINT" ENTERTHE INTEGRATION TIME TI IN msec."

900 IF C$=*g" THEN INPUT TI : PRINT: PRINT'g. TI=*;Ti;msec.': GOTO 1090

910 IF C$=" 1 " THEN PRINT: PRINT "ENTER THE WEATHER ATTENUATION At IN db/KM"

920 IF C$=" O" THEN INPUT At: PRINT: PRINT' 10. At=';At;"db/KM": GOTO 1090

930 IF C$='1" THEN PRINT PRINT" ENTER THE SKY TEMPERATURE To IN KELVIN"

940 IF C$=" 1" THEN INPUT TO: PRINT: PRINT" I1. Ta=';Ta;'KELVIN: GOTO 1090

950 IF C=I 2" THEN PRINT: PRINT"ENTER THE TARGET RCS IN dbsm"

960 IF C$=" 12" THEN INPUT RCS: PRINT : PRINT" 12. RCS=';RCS;"dbsm" : GOTO 1090

970 IFC$:13" THEN PRINT: PRINT * ENTER THE DEG. OF THE PENCIL BEAM PB (p~rt D)"

980 IF C$=*13" THEN INPUT PB : PRINT: PRINT " 13. PB-';PB;"Deg.': GOTO 1090
990 IFC$="14" THEN PRINT: PRINT"ENTER THE (J/S) JS IN db (partb)"

* 1000 IF C$=" 14" THEN INPUT JS : PRINT : PRINT" 14. (J/S)=';JS;"db" : GOTO 1090

1010 IF C$=" 1 5 THEN PRINT: PRINT' ENTER THE RANGE R IN KM (part c)"

1020 IF C$="l 5" THEN INPUT R: PRINT: PRINT" 15. R=*;R;'KM": GOTO 1090

1030 IF C$="16" THEN PRINT: PRINT" ENTER THE RF LOSSES RFL IN db (part d)"

1040 IF CS=" 16" THEN INPUT RFL : PRINT: PRINT" 16. RFL=';RFL;'db" -GOTO 1090
1050 IF C$="17" THEN PRINT PRINT " ENTERTHE ILLUMINATION EFFICIENCYri (pert o)"

.060 IFC$='17" THEN INPUT rl PRINT:PRINT 17. rl=";ri :GOTO 1090

- 1070 IF CS=" I8" THEN PRINT : PRINT ENTER THE CROSSOVER LOSSE Lco IN db"
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1080 IF C$="t 1" THEN INPUT LCO : PRINT : PRINT" I8. LCO=';LCO;"Ob": GOTO 1090

1090 PRINT: PRINT" IS EVERYTHING OK NOW?"
1100 INPUTBS

1110 IFLEFT$(B$,I)="YORLEFT$(B$,I)='y" THEN 1150

1120 PRINT:PRINT" WHATDO YOU WANT TO CHANGE AGAIN?"

1130 PRINT: PRINT" HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU

MALAKA"

1140 INPUTF$ :60T0530
1150 RETURN

1170 PRINTSTHE INPUTDATA
1180

1190 LPRINT: LPRINTTAB(30); 'PROBLEM 3"

1200 LPRINT TAB(30);"----
1210 LPRINT:LPRINT"GIVEN"

1220 LPRINT'---

1230 LPRINT: LPRINT" 1. Pt:';Pt;"W" SPC(I 0);": OUTPUT PEAK POWER"
1240 LPRINT : LPRINT 2.Gt=*;Gt;"db" SPC(8); : BORESIGHT ANTENNA GAIN"

1250 LPRINT: LPRINT 3. f0=";fO;'GHz" SPC(5);": OPERATING FREQ."

1260 LPRINT: LPRINT "4. Lp:=;Lp;"db" SPC(9); ": RF LOSSES"

1270 LPRINT :LPRINT" 5. Bn=';Bn;'MHz" SPC(6); ": RECEIVER NOISE BANDWIDTH"

1280 LPRINT: LPRINT" 6. F=";f;*db" SPC();": RECEIVER NOISE FIGURE"
1290 LPRINT: LPRINT "7.T=";T;"ns" SPC(g);": PULSE WIDTH"
1300 LPRINT :LPRINT" 8. fp=';fp;'KHz" SPC(6);": P.R.F"

1310 LPRINT : LPRINT" 9. Tl=";T1;'msec." SPC(5);": INTEGRATION TIME"

1320 LPRINT: LPRINT" 10. At=';At;'db/KM"SPC(4);':WEATHER ATTENUATION"
1330 LPRINT: LPRINT" I I.Ts=";Ta;'KELVIN" SPC(2; ": SKY TEMPERATURE"

1340 LPRINT : LPRINT" 12. RCS=";RCS;'dbsm" SPC(2);" :TARGET RCS"

1350 LPRINT : LPRINT" 13. PB=';PB;"Deg." SPC(5);': DEG. OF THE PENCIL BEAM"

1360 LPRINT:LPRINT" 14 (J/S)=';JS;'db" SPC(4);": (J/S)
1370 LPRINT:LPRINT" 15. R=';R;"KM" SPC(9);" : RANGE"
1380 LPR INT: LPRINT" 16. RFL=";RFL;'db" SPC(7);" : RF LOSSES for part d"

1390 LPRINT LPRINT" 17. rl=";rl SPC(9);": ILLUMINATION EFFICIENCY"
"00 LPR ,T LPRINT" 18. Lco=";Lco;'db'SPC(7);" CROSSOVER LOSS"
410 RETURN
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1420 . ww ww. w ww*w .

1430 * SUBRUTINE THAT CONVERTSUNITS
1440 ******************

1450 LET M=.4342945"

1460 LET PI=3.14159• C=3*10'8

1470 LET fOW 0* 10^9 fp=fp* 10"3

1480 LET R=R* 103 : I=C/fO
1490 LET Gt I1=6t/ 10: Gt2=CINT(IOGt 1)

1500 LET Lp I =Lp/10: Lp2= 101.p I

1510 LET RCS I =RCS/I O: RCS2=CSNG(I O^RCS I)

1520 LETra= 10(- 1/I0)

1530 LET 6tot=Gt*RFL: Gtot 1 =Gtot/ 10: Gtot2=C INT(I O'Gtot I)

1540 LET Lco I=Lco/10: Lco2=CSNG( 1 0'(-Lco 1))

1550 LET Gd=Gt+RFL+Lco

1560 LET Gd1 =Gd/10: Gd2= I OGd I

1570 RETURN

1590 ' PRINTS THE RESULTS

1610 PRINT: PRINT: PRINT" PART (a):*

1620 PRINT"-----------

1630 LPRINT" LPRINT• LPRINT" PART (a)-'

1640 LPRINT" ----

1650 LET Ru=c/(2*f)*(1/ 1000)
1660 PRINT PRINT" a. Ru=*;Ru;KM'; *: MAX. UNAMBIGUOUS RANGE"

1670 LPRINT. LPRINT a. Ru=*;Ru;'KM"; ": MAX. UNAMBIGUOUS RANGE"
1680 PRINT:PRINT PRINT"PART(b):"

1690 PRINT" -
1700 LPRINT: LPRINT: LPRINT"PART (b)"

1710 LPRINT----

1720 LET G:412501/(PB^2) : Ae=I'2*G/(4*PI)

1730 LET Ge=JSC(Lp2"2)*RCS2/(Ae*G)

1740 LET Ge I =CSNG(10*M'LOG(Ge))

1750 PRINT: PRINT" b. Ge=";Ge 1; "db; ": REPEATER GAIN REQUIRED FOR (J/S);JS;'db"

1760 LPRINT: LPRINT "b. Ge=";Ge I;db"; ": REPEATER GAIN REQUIRED FOR (J/S)=";JS,'db"
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1770 PRINT: PRINT: PRINT" PART (c) •

1780 PRINT"---- -

1790 LPRINT :LPRINT: LPRINT PART (c):"

1800 LPRINTT"--- -

1810 LET Pout-Pt*Gt2*( 101 -At/ 1 0))*Ae*Ge/(4*PI*R'2*Lp2)

1820 LET Pout=CSNG(Pout* 1000) 'mw

1830 PRINT: PRINT" c. Pout=';Pout;mW; ": JAMMER OUTPUT POWER'

1840 LPRINT: LPRINT c. Pout=•;Pout;•mW"; •: JAMMER OUTPUT POWER"

1850 PRINT: PRINT: PRINT ' PART (d) :

1860 PRINT"----

1870 LPRINT :LPRINT: LPRINT PART (d):"

1880 LPRINT"--- -

1890 LET D=CSNG(1/PI*SQR(Gtot2/(ra*rl))* 100) 'cm
,-1900 PRINT: PRINT"d D=";D;cm; ":DIAMETER OF THE SEEKER DISH ANTENNA"

1910 LPRINT: LPRINT *d. D=;D;'cm; .: DIAMETER OF THE SEEKER DISH ANTENNA"

0 1920 PRINT:PRINT: PRINT"PART (e):"

1930 PRINT" ---- -

1940 LPRINT : LPRINT: LPRINT PART (e):"

1950 LPRINT" ---

1960 LET THb=SQR(412531/Gd2)

1970 LET THq:((LOG(Lco2))/(-2.776))( 1/2)*THb: THq:CSNG(THq)

1980 PRINT: PRINT 'e. THq=';THq;"Deg.; ": SQUINT ANGLE"

1990 LPRINT : LPRINT e. THq=';THq;'Deg.; ": SQUINT ANGLE"

2000 RETURN
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PROBLE11*3

GIVEN

I. Pt= I W OUTPUT PEAK POWER

2. Gt= 3a CDb BORESIGHT ANTENNA GAIN

3. fO= 93.7 GHz OPERATING FREQ.

4. Lp= 3 db :RF LOSSES

5. Bn= 500 MHz : RECEIVER NOISE BANDWIDTH

6. F= I 1 db •RECEIVER NOISE FIGURE

7.T: 50 ns -PULSE WIDTH

8.'p= 100 KHz P.R.F

9. TI= 50 msec. INTEGRATION TIME

10. At= .4db/KM WEATHER ATTENUATION

1 1. T= 270 KELVIN :SKYTEMPERATURE

12. RCS= 14,8 dbsm :TARGET RCS

13. PB= 30 Deg. DEG. OF THE PENCIL BEAM

14. (J/S)= 10 db •(J/S)

15. R= I KM :RANGE

16. RFL= I db RF LOSSES for part d

17. ri= .6 : ILLUMINATION EFFICIENCY

18. LCO= I OD CROSSOVER LOSS

PART (a).
e. Ru= 1.5 KM : MAX. UNAMBIGUOUS RANGE

S

PART(b C.
0. Go: 39.376 db: REPEATER GAIN REQUIRED FOR (J/S): 30 db

' - OART" c)

C. Pout= .658953 W J ,",MER OUTPUT POWER
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PARIT (d).

D= 13.1568cm: DIAMETER OF THE SEEKER DISH ANTENNA

T' .h=.58496 Dag.: SQJi',rT ANGL7

S199

-4



10 PRINT: PRINT TAB(30; " PROBLEM 04"

20 PRINT TAB(30);" -

30 GOSUB 100: GOSUB 1050 : GOSUB 1300

40 GOSUB 1480: GOSUB 1640: GOSUB 1800: GOSUB 1960

50 PRINT: PRINT " DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N7"

60 INPUT D$

70 IF LEFT$(D$, i)="Y' OR LEFT$(D$, 1 )="y" THEN 30

80 END
90

100 INPUTS THE DATA

1 10 * * * * *

120 PRINT: PRINT * ENTER THE ARRAY SIZEd I,d2 IN METERS'

130 INPUT dl,d2 : PRINT :PRINT " 1. dx1:d2=*;d x'fd2" m'

140 PRINT: PRINT 'ENTER THE OPERATING FREQ. 10 IN GHz"

160 INPUT fO: PRINT : PRINT" 2. fO=*;fO;"GHZ"

170 PRINT: PRINT *ENTERTHE FEED& PHASE SHIFTER LOSSES L p IN db"

180 INPUT Lfp : PRINT : PRINT "3. Lfp=";Lfp;"db"

190 PRINT: PRINT" ENTERTHE SIDELOBE LEVEL S.L IN db"

200 INPUT S.L : PRINT : PRINT "4. S.L=';S.L;'db"

210 PRINT: PRINT' ENTERTHE ILLUMINATION EFFICIENCY r"

220 INPUT ri : PRINT :PRINT" 5. r;rl

230 PRINT: PRINT " ENTER THE OUTPUT POWER Pe IN Mw"

240 INPUT Pe:PRINT: PRINT 6. Pe=;Pe;"Mw"

250 PRINT: PRINT" ENTER THE VALUE OF THE TWO T.W"

260 INPUT T.W: PRINT PRINT" 7.T.W=';T.W

270 PRINT : PRINT "ENTERTHE WEIGHTING FILTER LOSSLm IN db'
280 INPUT Lm : PRINT : PRINT 8. Lm=;Lm;db

290 PRINT: PRINT ENTERTHE VALUE OF THE MIN. OUTPUT FOR AUTOMATIC DETECTION,S I IN

db"

200



300 INPUT S 1: PRINT: PRINT "9. (S/N)mln=';S 1 ;'db

310 PRINT: PRINT "ENTER THE R.C.S OF THE CRUISE MISSILES Sev IN dbsm"

320 INPUT Say : PRINT: PRINT* 10. Sev=";SeV;"dbsm"

330 PRINT: PRINT "ENTER THE RANGE OF THE TWO NOISE JAMMERS R IN KM"

340 INPUT R: PRINT : PRINT' I1. R-';R;"KM"

350 PRINT: PRINT" ENTER THE *OF CARCINOTRONS THAT EACH JAMMER CARR IES Cr"

360 INPUT Cr:PRINT:PRINT" 12.Cr=';Cr

370 PRINT: PRINT * ENTER THE ERP PJ IN KW"

380 INPUT Pj: PRINT : PRINT" 13. Pj=;PJ;"KW/tube'

390 PRINT: PRINT * ENTER THEPROPAGATION FACTOR g"

400 INPUT g: PRINT: PRINT" 14. g=';g

410 PRINT: PRINT "NOW Ga TO PART c&e OFTHE PROBLEM AND ENTER THE FOLLOWING:"

420 PRINT:PRINT" ENTER THE RANGE THAT THE CRUISE MISSILE IS ILLUMINATED R'1K1"

430 INPUT RI :PRINT: PRINT' 15.RI=";R1;"KM"
450 PRINT: PRINT" ENTER AGAIN THE RANGE THAT THE CRUISE MISSILE IS ILLUMINATED R2 IN

KM (for part e)"

460 INPUT R2: PRINT: PRINT 16. R2=";R2;"KM"

470 PRINT: PRINT" ENTER THE INTEGRATION EFFICIENCY El"

480 INPUT El : PRINT : PRINT " 17. EI(n)=";EI

490 PRINT: PRINT" ISTHE INPUT DATA CORRECT Y/N?"

500 INPUT A$

510 IF LEFTS(AS, 1 )='Y" OR LEFTS(AS, 1 )=-y- THEN 1030

520 PRINT: PRINT WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?*

530 PRINT: PRINT" I. THE SIZE OF THE ARRAY?"." 2. THE OPERATING FREQ.?"

540 PRINT: PRINT" 3. THE FEED AND PHASE SHIFTER LOSSES?, 4. THE SIDELO5E LEVEL?"

550 PRINT: PRINT '5. THE ILLUMINATION EFFICIENCY?, "6. THE OUTPUT POWER?"

560 PRINT: PRINT "7. THE VALUE OF THE TWOTW?", "8. THE WEIGHTING FILTER LOSS?"

570 PRINT: PRINT " g. THE VALUE OF THE (S/N)min?'," 10. THE RCS OF THE CRUISE MISSILE?"
580 PRINT: PRINT" 11. THE RANGE OF THETWO NOISE JAMMERS?',

.2.
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590 PRINT: PRINT" 12. THE "OF CANCINOTRONS?'," 13.THE ERP?"

600 PRINT: PRINT" 14.THE PROPAGATION FACTOR?',' 15. THE RANGE OF THE CRUISE MISSILE

(pert c)?"
610 PRINT: PRINT 16. THE RANGE OF THE CRUISE MISSILE (part e)?", 17. HEi'"-5RaTICr

EFFICI ENCY?"

620 INPUT C$

630 IF C$="I" THEN PRINT: PRINT 'ENTER THE ARRAY SIZE d I,d2 IN METERS"

640 IF C$=I1" THEN INPUT dl d2: PRINT: PRINT' 1. d lxd2=";d I '*xd2"m" : GOTO 970

650 IF C$="2" THEN PRINT : PRINT ENTER THE OPERATING FREQ. fO IN GHz"

660 IF CS="2' THEN INPUT fO: PRINT : PRINT *2. fO=,fO;'GHZ" : GOTO 970

670 IF C$=*3" THEN PRINT: PRINT" ENTER THE FEED& PHASE SHIFTER LOSSES LD IN db'

680 IF C$="3" THEN INPUT Lfp: PRINT : PRINT "3. LfP=";Lfp;"db': GOTO 970

6 590 IF C$="4" THEN PRINT : PRINT "ENTER THE SIDELOSE LEVEL S.L IN db"

700 IF C$="47 THEN INPUT S.L: PRINT : PRINT "4. S.L=";S.L;'db": GOTO 970

- 710 IFC$=5'" THEN PRINT:PRINT*ENTERTHE ILLUMINATION EFFICIENCY r"

720 IF C$="5" THEN INPUT rl : PRINT: PRINTS 5. r=";ri : GOTO 970

730 IF C$="6" THEN PRINT : PRINT "ENTER THE OUTPUT POWER Pe IN Mw"

740 IF C$="6" THEN INPUT Pa: PRINT PRINT" 6. Po=";P;"Mw": GOTO 970

750 IF C$="7" THEN PRINT :PRINT'ENTERTHEVALUEOFTHETWOT.W"

760 IF C$="7" THEN INPUTT.W : PRINT: PRINT 7. T.W=';T.W : GOTO 970

770 IF C$="S THEN PRINT: PRINT *ENTER THE WEIGHTING FILTER LOSS Lm IN db"

780 IF C$="8" THEN INPUT Lm: PRINT : PRINT "8. Lm=';Lm;'db: GOTO 970

790 IF C$=" " THEN PRINT : PRINT ENTERTHE VALUE OF THE MIN. OUTPUT FOR

AUTOMAT I C DETECT ION,S1 INdb"

-00 IFC$='9- THEN INPUTS1:PRINT:PRINT"9.(S/N)mln=",SI;"an":GOTO 970

-. 810 IF C$='10" THEN PRINT: PRINT "ENTER THE R.C.S OF THE CRUISE MISSILES Sev IN

* •dbsm"

820 IF C$='10 " THEN INPUT Say: PRINT: PRINT" 10. SoV=";Sov;'dbsm. GOTO 970

830 IF C$="1 1 THEN PRINT: PRINT ENTER THE RANGE OFTHETWO NOISEJAMMERS R IN
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KM'

840 IF C$='I* THEN INPUT R: PRINT: PRINT" 11. R=';R;"KM": GOfTO 970

350 IF C$=12" THEN PRINT: PRINT" ENTER THE *OF CARCINOTRONSTHAT EACH JA1,MER

CARRIESCr*

360 IF C$=" 12' THEN INPUT Cr: PRINT:PRINT " 12. Cr=";Cr: GOTO 97

870 IF C$="13" THEN PRINT PRINT'ENTER THE ERP PJ IN KW"

880 IF C$='13 THEN INPUT PJ: PRINT: PRINT" 13. PJ=';Pj;"KW/tIb": GOTO 970

890 IFCS=* 14" THEN PRINT: PRINT 'ENTERTHEPROPAGAT ION FACTOR g

900 IFCS='14" THEN INPUTg:PRINT:PRINT" 14. g=";g:GOTO970

910 IF C$=' 15" THEN PRINT: PRINT ENTER THE RANGE THAT THE CRUISE MISSILE IS

ILLUMINATED R I IN KM'

920 IFC$='15" THEN INPUT RI :PRINT: PRINT" 15. RI=';Rl,'KM:GOTO 970

930 IF C$='1 5 THEN PRINT: PRINT " ENTER AGAIN THE RANGE THAT THE CRUIEE" S Z

IS ILLUMINATED R2 IN KM (for Dart e"

940 IF C$= 16" THEN INPUT R2:PRINT: PRINT' 16. R2=;R2;"KM':GOTO 970

950 IF C$="17" THEN PRINT:PRINT" ENTERTHE INTEGRATION EFFICIENCY El"

960 IF C$='17' THEN INPUT El :PRINT:PRINT " 17. El(n)=';E: G070 970

970 PRINT: PRINT" IS EVERYTHING O.K NOW?"

980 INPUT B$

990 IF LEFT$(B$, I)="Y" OR LEFT$(B$, I)="y" THEN 1030

1000 PRINT: PRINT" WHAT DO YOU WANTTO CHANGE AGAIN?"

1010 PRINT : PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU
MALAKA"

1020 INPUTF$ :GOT0530

1030 RETURN
Q" ~I 04 ' * * * **** ** ** *  ***

1050 PRINTS THE INPUT DATA

1 060

1070 LPRINT : LPRINTTAB(30); "PROBLEM *4"
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1080 LPR1NT TAB(30); -------

1090 LPRINT: LPRINT" GI VEN"
1100 IPRINT-------

1110 LPRINT: LPRINT" 1. d 1xd2&;d1"x'd2*m" TA8(20); :ARRAY SIZE"

.- ~ ~*1120 LPR!NT : LPR INT"2. t0=";f0;"HZTAI3(2O);" OPERATING FREQ.'

1130 LPRINT: LPRINT" 3. Ltp=";Lf p;*db" TAB(20);': FEED& PHASE SHIFTER LOSSES'

1 140 LPRINT: LPRINT"' 4, S.L=* S.L;"db"TAB(20);": SIDELOBE LEVEL"

1150 LPRINT. LPRINT'. rl=';ri TAB(20); ': ILLUMINATION EFFICIENCY'

1 160 IPRINIT LPRINT "8. Pa=";Pa;'Mw TA8(20); ": OUTPUT POWER"

1170 LPRINT: LPRINT "7. T.W=. ;T.W TAB(20);": VALUE OF THE TWO TW"

1180 LPRINIT LPRINT"B . Lm=";Lm;"db" TAB(20);": WEIGH4TING FILTER LOSS'

1' 1 190 LPRINT: IPRINT "g. (S/N)min=";S 1;"db" TAB(20);" (S/N)min FOR AUT. DETECTION'

1200 LPRINT: LPRINT" 10. Sav=";-Sav;"dbsm" TABC20);": R.C.S FORTHE CRUISE MISSILE'

1210 LPRINT: LPRINT' 11. R=";R;KMTAB(20);": RANGE OFTHE TWO NOISE JAMMIERS"

*1220 LPRINT: LPRINT' 12. Cr=";Cr TAB(20);": *OF CANCINOTRONS"

1230 LPRINT:.LPRINT* 13. Pj=*;Pj;"KW/tube" TAB(20);" ERP VALUE"

1240 LPRINT: LPRINT "14. g=";g TAB(20); ": PROPAGAT ION FACTOR"

* 1250 LPRINT :LPRINT" 15. R I =";R I ;"Kt"TAB(20);" : RANGE OF THE CRUISE MISSILE (Dpan c)
1260 LPRINT: LPRINT" 16. R2=";R2;ia1*TAB(20);": RANGE OF THE CRUISE MISSILE (part 9)"

1270 LPRINT: LPRINT" 17. Ei(n)=";EiTA(20);": INTEGRATION EFFICIENCY"

1280 RETURN

1300 'CALCULATION AND PRINTOUT FOR PART 6:

1310 PRN:PIT RIT"PR :

1320 PPRINT:LRINT: PRINT PART 8:"

1340 PRINT --------

1350 LPRINT *-------

1360 LET PI3.1415g : O=1O*10^9 :C=3*1O8

420.
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1370 LETA=dl'd2
1380 LET kC/fO

1390 LET LfI I lC(-LfP/ 10)
400 LET Ae=CSNG(A *Lf p I Or)

1410 LET Gp=C INT(4P I*Ae/ ( 2))

1420 PR INT: PR INT *1I(a). Ae=A*Lf p 1l ="Ae;sq.m*; ":EFFFWT I VE AREA OF THE PH ASED

ARRAY"

1430 IPRINT: IPRINT" 1(a). Ae=A*Lfp 1 r="Ae;"sq.m*;"- EFFECTIVE AREA OF THE PHASED

ARRAY"

1440 PRINT : PRINT ' 2(e). Gp=4UPI*Ae/(1P2)";Gp; ":POWER GAIN OF PHASED ARRAY'

1450 IPRINT : LPRINT - 2(a).GP=4*PI*Ae/(1P2)=;Gp;"-: POWER GAIN OF PHASED ARRAY"

1460 RETURN

1450 *CALCULATION AND PRINTOUT FOR PART b

01500 PRINT: PRINT: PRINT"PARTb:*

1510 LPRINT: LPRINT: LPRINT'PART b:'
1520 PRINT"--------

*1530 LPRINT ------

1540 LETPJ=PJ*10-3

1550 LETLmI=Lm/10:Lm2=101-mI

1560 LET R=R*10'3

1570 LETJ=CSNG(*CrWPJ*As/(4*PI*R^2*Lm2*T.W))

1580 LET J 1 =CSNG( 0.4342945*LOG(J)) 'dbw VALUE

1590 LETJ2=CSNG(J1430) *dbm VALUE
*1600 PRINT:PRINT' - (b).J=GJ*Pj**Ae/(4*PI*Rr2Lm2*T.W)=*,J;'W-;OR";J 1;"dbw"; OR

',J2;*dbm"

1610 LPRINT :LPRINT" -1(b).J= JOP J*Ae/(4PIR'L2)=-J;"W-;OR-;J 1 ;,dbw",,

OR;J2;'dbm"
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11620 RETURN

1640 'CALCULATION AND PRINTOUT FOR PART c:

16 PRN:PIT RIT*PR :

1670 LPRINT: :PRINT: PRINT PART C:'
1670 PRINT:LRN:LR*PA~:

1680 LPRINT --------

1700 LET Pa=Pa*10'6

1710 LET SI av= I 0(-Sav/10)
1720 LET R R I *101

1730 LETS2=CSNGCPo*GP*S 1 av*Ae/((4*PI*R 1 *2)(2)))

1740 LET S3=CSNG( 1 0*.4342g45**LCG(S2)) *dbw

1750 LET S4=CSNGS3.30) 'dbm

1750 PRINT :PRINT" I~c). S=Pe*GP*S IavffAe/((4*PI*R *1 '2))=,5S2;*W7 OR;S3,*dbw",' C
.;S4;*dbm"; : SINGLE PULSE ECHO SIGNAL POWER'

1770 LPRINT :LPRINT I~c). S=P*P5 I ey*Ae/((4*PI *R 1 2)C2))=';S2;"W";0R;S3;*dbw,;'

OR';S4;*dbm';: SINGLE PULSE ECHO SIGNAL PO WER"

1780 RETURN

1800 CALCULATION AND PRINTOUT FORPART d:

182 PRNT PRN:PIN'A

1820 LPRINT: PRIT: PRIN PART d:*

*~~~~l4 13LRN:LITLPRINT -- PART---

1840 LPRINT-*-------

1860 LETT.W I= I0*.4342g45**LOG(T.W)

1870 LET B=CSN6(J2-S4)

1880 LET C=CSNG-B+T.W I-Lm)
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16a90 LET C=C

1900 PRINT: PRINT" I(d). (J/S)ln=J2-S4=';B;'dbm';" :THE SINGLE PULSE (J/S) AT THE

RECEIVERINPUT"
1910 L.PRINT• LPRINT" l(d). (J/S)in=J2-S4=";B;"dbm"; *: THE SINGLE PULSE (J/S) AT Tf-E

RECEIVERINPUT"

1920 PRINT: PRINT" 2(d). (S/J)out=(S/J)ln+(T.W)-Lm=";C;"db';" :THE SINGLE PULSE (u/5) AT

THERECEIVER OUTPUT"

1930 LPRINT :LPRINT "2(d). (S/J)out=(S/J)ln+(T.W)-Lm=';C;"dbm'; ": THE SINGLE PULSE (J/S)
ATTHE RECEIVER OUTPUT"

1940 RETURN

1960 * CALCULATION AND PRINTOUT FOR PART e:

1980 PRINT: PRINT: PRINT"PART e:"
1990 LPRINT: LPRINT: LPRINT "PART 0:"

2000 PRINT -----

2010 LPRINT *--------

2020 LET II=S1+C
2030 LET 111=11/10:112=10"111
2040 PRINT :PRINT" I(e). It(n)=n=";CINT(lI2); ":*OF PULSES INTEGR. IN PERFECT INTEGRATOR"

2050 LPRINT :LPRINT" 1(e). I1(n)=n=';CINT(I12);": -*OF PULSES INTEOR. IN PERFECT

INTEGRATOR"

2060 RETURN

-.4
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PROBLE14

GIVEN

I. dIxd2=3.65x 3.65m :ARRAY SIZE
2.fO= 3.3 GHZ :OPERATING FREQ.
3. Lfp= 2.5 db FEED & PHASE SHIFTER LOSSES
4. S.L= 30 db SIDELOBE LEVEL
5. rl= .5 ILLUMINATION EFFICIENCY
6. Pa= 4 Mw OUTPUT POWER

7.T.W= 1000 VALUE OF THE TWO TW
8. Lm= 3 db WEIGHTING FILTER LOSS

* 9. (S/N)min= 13 db (S/N)mln FOR AUT. DETECTION
10. Say= 3 dl:)Sm R.C.S FOR THE CRUISE MISSILE
11. R= 100 KM RANGE OF THE TWO NOISE JAMMERS
12. Cr= 18 *OF CANCINOTRONS
13. Pj= 10 KW/tube :ERP VALUE

4, ; I =PROPAGATION FACTOR
15. R I= 80 KM • RANGE OF THE CRUISE MISSILE (part c)
16. R2= 80 KM RANGE OF THE CRUISE MISSILE (part e)
17. EI(n)= I INTEGRATION EFFICIENCY

PART a:
I (a). Ae=A*Lf p 1 *ri= 3.7459 sq.m: EFFECTIVE AREA OF THE PHASED ARRAY

2(a). Gp=4*PI*Ae/(1'2)= 5696 :POWER GAIN OF PHASED ARRAY

*I 1(b). J=GJ*PJ**Ae/(4*PI*R'2*Lm2*T.W)= 5.37835 E-09 W OR-82.6935 dbw OR -52.6935 dbm

PART C:

S1'c). S=Ps*Gp"S I av*Ae/((4*P*R 1 ̂2)^(2'0)= 6.6 :330-12W CR - I .796 dw OR -8 1 796 Iim
*31PJGLE PULSE ECHC SIGiAL POWER
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1 (d). (J/S)ln=J2- S4,= 29.1025 dbm: THE SINGLE PULSE (J/S) ATTHE RECEIVER INPUT
2(d). (S/J)out=(S/J)n+(T.W)-Lm= 2.1025 db :THE SINGLE PULSE (J/S) ATTHE PECEIVER fLTP:J-

l(a). It(n)=n= 32 *OF PULSES INTEGR. IN PERFECT INTEGRATOR

. 0

'I.
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10 PRINT: PRINTTAB(30)" PROBLEM *5

20 PRINT TAB(30); --------
30 GOSUB 100: GOSUB 1120: GOSUB 1480

40 GOSUB 1680

50 PRI NT : PRINT " DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA YtN?"

60 INPUT D$

70 IF LEFTS(D$, I)='Y" OR LEFT$(D$, 1)=y"y THEN 30

BO END

100 INPUTS THE DATA
I I 0

120 PRINT: PRINT "ENTER THE OPERATING FREQ fO IN GHz""
130 INPUT 1o: PRINT: PRINT' 1. fO=';fO;*GHz"

140 PRINT: PRINT' ENTER THE PEAK POWER Pe IN KW"

150 INPUT Pa: PRINT : PRINT" 2. Pa=";Pa;"KW"

0 160 PRINT: PRINT "ENTER THE ANTENNA MAIN BEAM GAIN Go IN db"

170 INPUT GO: PRINT : PRINT "3. Ga=";Ga;'db"

160 PRINT: PRINT " ENTER THE ANTENNA SIDELOBE GAIN Gp IN db"

190 INPUT Gp: PRINT : PRINT 4. Gp=";Gp;*db"

200 PRINT: PRINT" ENTER THE P.R.F IN MHz"

210 INPUT fp: PRINT : PRINT" 5. fp=";fp;MHZ"
. 220 PRINT: PRINT" ENTER THE PULSE WIDTHT IN mlcsec."

230 INPUTT: PRINT: PRINT" 6.T=';T;"micsec."
240 PRINT: PRINT "ENTER THE RECEIVER NOISE FIGURE F INdb"
250 INPUT F: PRINT: PRINT *7. F=;F;;db"

260 PRINT :PRINT "ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MHZ"
270 INPUT Bn: PRINT : PRINT" 8. Bn=";Bn;'MHz"

280 PRINT: PRINT "ENTER THE ANTENNA NO ISE TEMPERATURE Ta IN KELVIN"

290 INPUTTa,: PRINT: PRINT" 9. Ta=';To;"KELVIN"

300 PRINT :PRINT "ENTER THE ANTENNA SECTOR COVERAGE Ss IN Deg."
310 INPUT So: PRINT: PRINT" 1O. S*=";S9;;Deg."

320 PRINT: PRINT "ENTER THE ANTENNA SCAN RATE Sr*

330 INPUT Sr: PRINT : PRINT 11. Sr=";Sr;'scans/sec'
340 PRINT: PRIPNT "ENTER THE OUTPUT POWER OF THE JAMMER Pj IN W"
350 INPUT Pj:PRINT:PRI1T 12.PJ=';P;"W"

210
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360 PRINT: PRINT 'ENTER THE RF NOISE BANDWIDTH OF THE JAMMER Brf INMHZ"

370 INPUT Brf : PRINT: PRINT' 13. Brf=';Brf;'MHz"

380 PRINT: PRINT 'ENTER THE ANTENNA GAIN OF THE JAMMER GJ IN db"

390 INPUT GJ: PRINT: PRINT' 14. GJ";Gj; " 

400 PRINT: PR!NT 'ENTER THE RANGE WHERE THE JAMMER IS POSITIONED R IN KM"

410 INPUT R: PRINT: PRINT" 15. R=";R;"*KM"

420 PRINT: PRINT" ENTERTHE (J/S) RATIO,.LS IN db"

430 INPUT J.S: PRINT: PRINT 16. J.S=*;J.S;*db"

440 PRINT : PRINT 'ENTER THE CAMOFLAGE FAC, 'R CF IN db"

450 INPUT CF: PRINT: PRINT " 17. CF=';CF;"db"

460 PRINT: PRINT " ENTER THE PLUMBING LOSSES Lp IN db"

470 INPUT Lp: PRINT: PRINT" I. Lp=';Lp;'db"

480 PRINT : PRINT 'ENTER RANGE AT WHICH THE MORTOW ROUND PASSES THROUGH THE

RADAR BEAM RI IN KM"

490 INPUT RI: PRINT:PRINT" 19.R=';RI;"KM"

0 500 PRINT: PRINT" ISTHE INPUT DATA CORRECT Y/N?"

510 INPUT A$

520 IF LEFT$(A$, I)='Y" OR LEFTS(AS, 1)="Y THEN 1100

530 PRINT : PRINT "WHAT OFTHE FOLLOWING DO YOU WANTTO CHANGE?"

540 PRINT:PRINT" I.THE OPERATING FREQ.?"'" 2. THE PEAK POWER?"

S550 PRINT: PRINT '3.THE ANTENNA MAIN BEAM GAIN?',"4.THE ANTENNA SIDELOBE GAIN?"

V 560 PRINT: PRINT 5. P.R.F?",* 6.THE PULSE WIDTH?"

570 PRINT: PRINT" 7.THE RECEIVER NOISE FIGURE?," 8. THE RECEIVER NOISE BANDWIDTH?"

580 PRINT: PRINT' 9.THE ANTENNA NOISE TEMPERATURE?"," 10. THE ANTENNA SECTOR

COVERAGE?"

59O PRINT: PRINT" 11. THE ANTENNA SCAN RATE?'"" 12. THE JAMMER'S OUTPUT POWER?"

600 PRINT : PRINT" 13. THE JAMMER'SRF NOISE BANDWIDTH?"," 14. THE JAMMER'S ANTENNAS
GAIN?"

620 PRINT: PRINT" I5. THE RANGE POSITION OFTHE JAMMER?," 16. THE (J/S) OF THE

JAMMER?"

630 PRINT:PRINT" 17. THE CAMOFLAGE FACTOR?"," 18.THE PLUMBING LOSSES?"

640 PR INT: PRINT" 19. THE RANGE AT WHICH THE MORTOW ROUND PASSES THROUGH THE

RADARSEAM?"

50 INPUT C$

660 IFC$='I" THEN PRINT: PRINT "ENTER THE OPERATING FREQfO INGHz-"
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670 IFC$="i" THEN INPUT fO: PRINT: PRINT" 1. tO=';10;'GHz": GOTO 1040

680 IF C$=*2" THEN PRINT: PRINT "ENTER THE PEAK POWER Pa IN KW"

6g0 IF C$="2" THEN INPUT Pa: PRINT: PRINT" 2. Pa=";PO;*KW" : GOTO 1040

700 IF C$= 3" THEN PRINT: PRINT *ENTER THE ANTENNA MAIN BEAM GAIN Go IN lb*

710 IF C$=3" THEN INPUT GO: PRINT: PRINT " 3. Ga=";Ga;db": GOTO 1040

720 IF C$="4* THEN PRINT : PRINT 'ENTER THE ANTENNA SIDELOBE GAIN Gp IN db"

730 IF C$=*4" THEN INPUT Gp: PRINT : PRINT "4 Gp=';Gp;'Ub" : COTO 1040

740 IF C$=S5" THEN PRINT : PRINT" ENTER THE P.R.F IN MHz"

750 IF C$="5" THEN INPUT ft : PRINT: PRINT"5. fp=";fp;MHz": GOTO 1040

760 IF C$='6" THEN PRINT: PRINT" ENTER THE PULSE WIDTH T IN mlcsec."

770 IF C$=*6" THEN INPUT T: PRINT: PRINT * 6. T=;T;"micsoc.': GOTO 1040

780 IF C$="7" THEN PRINT: PRINT "ENTERTHE RECEIVER NOISE FIGURE F IN db"

. 790 IF C$="" THEN INPUT F: PRINT : PRINT "7. F=";F;'db": GOTO 1040

800 IF C$='8" THEN PRINT: PRINT" ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MHZ"

* 810 IF C$="8" THEN INPUT Bn: PRINT: PRINT"8. Bn=";Bn;'MHz': GOTO 1040

820 IF C$='9 THEN PRINT: PRINT"ENTER THE ANTENNA NOISE TEMPERATURE Ta IN KELVIN"

830 IF C$=:9" THEN INPUT Ta: PRINT: PRINT "9. Te=';Ta;"KELVIN'": GOTO 1040

840 IF C$=" 10" THEN PRINT : PRINT ENTER THE ANTENNA SECTOR COVERAGE Ss IN Deg."

850 IFC$=I0" THEN INPUT Ss :PRINT:PRINT' 10. S9=';Ss;"Deg.': GOTO 1040

860 IF C$=" 1 I" THEN PRINT: PRINT "ENTER THE ANTENNA SCAN RATE Sr"

870 IFC$='11" THENINPUTSr:PRINT:PRINT" 11.Sr=*;Sr;"scons/sec':GOTO 1040

880 IF C$=" 12" THEN PRINT: PRINT" ENTERTHE OUTPUT POWER OF THE JAMMER Pm IN W

8g0 IFC$='12" THEN INPUTPJ:PRINT:PRINT" 12. PJ=";PJ;'W':GOTO 1040

900 IF C$='"13" THEN PRINT: PRINT "ENTERTHE RF NOISE BANDWIDTH OF THE JAMMER Brf IN

MHz"
910 IF C$=1 3" THEN INPUT Brf: PRINT : PRINT" 13. Brf=";Brf;*MHz": GOTO 1040

- 920 IF C$=" 14" THEN PRINT : PRINT "ENTER THE ANTENNA GAIN OF THE JAMMER GJ IN db"

930 IFC$='14" THEN INPUTGJ:PRINT:PRINT" 14. Gj=";GJ;"db':GOTO 1040

940 IF C$=* 15" THEN PRINT: PRINT" ENTERTHE RANGE WHERE THE JAMMER IS POSITIONED R

INKM"

950 IFCS='15" THEN INPUT R: PRINT: PRINT" 15. R=";R;'KM":GOTO 1040

960 IFC$=16" THEN PRINT: PRINT "ENTERTHE(J/S)RATIOJ.S INdb"

970 IF C$=16" THEN INPUT J.S:PRINT: PRINT *16. J.S=;J.S;*db" GOTO 1040

- 980 IF CS"17" THEN PRINT PRINT" ENTER THE CAMOFLAGE FACTOR CF IN db"

990 IF C$= 17" THEN INPUT CF: PRINT: PRINT " 17. CF=";CF;'db': GOTO 1040
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1000 IF C$=" 18" THEN PRINT: PRINT ENTER THE PLUMBING LOSSES Lp IN db"

1010 IF CS" 18" THEN INPUT L : PRINT: PRINT" 18. Li=';Lp;*db": GOTO 1040

1020 IFC$="19" THEN PRINT: PRINT" ENTER THE RANGE AT WHICH THE MORTOW ROUND

5ASSESTHROUGHTHE RADAR BEAM'

1030 IFC$"1g" THEN INPUTRI :PRINT:PRINT 19. Rl=';R;'KM':GO70Ol- O

1040 PRINT: PRINT" IS EVERYTHING O.K NOW?"

1050 INPUT B$

1060 IF LEFT$(B$,I)=Y" ORLEFTS(B$,I)='y" THEN GOTO 1100

1070 PRINT: PRINT" WHAT DO YOU WANTTO CHANGE AGAIN?"

1080 PRINT: PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOL

MALAKA"

1090 INPUTF$ :60TO540

1100 RETURN

1120 PRINTS THE INPUT DATA
01I 30 *° w***4***** 'tl 'H °u  4 m'**

1140 LPRINT: LPRINTTAB(30); PROBLEM *5"

1150 LPRINTTAB(30);"-

1160 LPRINT:LPRINT"G I VEN"

1170 LPRINT"------

1180 LPRINT : LPRINT 1. 10=*;fO;"GHz"TAB(20); : OPERATING FREQ

I 0 LPRINT: LPRINT 2. Pa=";Pa;"KW TA8(20): ": PEAK POWER"

1200 LPRINT: LPRINT" 3. Ga=";Ga;"db"TAB(20);" : ANTENNA MAIN BEAM GAIN"

1210 LPRINT :LPRINT " 4. Gp=";Gp;"db'TAB(20);" : ANTENNA SIDELOBE GAIN"

1220 LPRINT : LPRINT" 5. fp=';fp;"MHZ"TAB(20);": P.R.F"

1230 LPRINT : LPRINT 6. T=';T;"mlcsec. TAB(20); ': PULSE WIDTH"

' 1240 LPRINT: LPRINT" 7. F=';F;"db" TAB(20);": RECEIVER NOISE FIGURE"

1250 LPRINT: LPRINT "8. Bn=";Bn;"MHz*TAB(20); ":RECEIVER NOISE BANDWIDTH"

1260 LPRINT: LPRINT" 9.Ta=';Ta;KELVIN" TAB(20);": ANTENNA NOISE TEMPERATURE

1270 LPRINT: LPRINT" 10. Ss=*;Ss;*Deg." TAB(20);": ANTENNA SECTOR COVERAGE"

1280 LPRINT: LPR INT" I1. Sr=";Sr;"scens/sec"TAB(20);" : ANTENNA SCAN RATE"

1290 LPRINT: LPRINT" 12. PJ=";PJ;"W" TAB(20);" :OUTPUT POWER OF THE JAMMER"

1300 LPRINT :LPRINT" 13. Brf= ;Brf;"MHZ" TAB(20); ": RF NOISE BANDWIDTH OF THEJAr'lER"

1400 LPRINT: LPRINT" 14. GJ:';GJ;"db'TAB(20);": ANTENNA GAIN OF T1HE JAMM.ER'
1410 LPRINT: LPRINT" 15. R=";R;"KM"TAB(20);" : RANGE WHERE THE JAMMER IS POSIT IONED'
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1 420 LPRINT: LPRINT 16. J.S=;J.S;*db TAB(20);* (J/S) RATIO"
-~~ 1430 LPRI NT:LPRINT - 17. CF=";CF;'db TAB(20); : CAMOFLAGE FACTOR"

1440 LPRINT: LPRINT' 18. Lp=";Lp;db'TAB(20); *: PLUMIBING LOSSES"
1450 LPRINT: LPRINT"19. R I =;R I; KM ;TA8(20);": RANGE AT WHICH-THE MORTO~y RCUNO

K ~PASSESTHROUGH THE RADAR EEAM*
1460 RETURN

1480 'CALCULATION & PRINTOUT FOR PART a:

1500 PRINT: PRINT: PRINTVPARTa:"

1510 PRINT -------

1520 IPRINT : LPRINT: LPRINT "PART a:*

1530 LPRINT-*------
1540 LET PJ=PJ/Srf w/MHZ

1550 LErGjl=GJ/10:GJ2=CINT(IOtGjl)

*1560 LETLp1:Lp/I0:Lp2=CINTCJI0'p1)

1570 LET C=3*10'8: fO~fO*10^9 : 1=C/fO R=R*1O'3

v,1580 LET P 1=3.14159

1590 LET Gp I Gp/ 10: Gp2=CINT(I O'pl1)

1600 LET Ae=GD2*1'2/(4*Pi)

* 16 10 LETJ=CSNG(PJ *6]2*Bn*Ae/(4*PI *R2*LD2))
1620 LETJ1= CSNG( 10*4342g45**LOG(J))
1630 LETJ2=CSNG(J 1.30)
1640 PRINT:PRINT" 1(a).JPJ*GJ*nAe/(4PI*R2*Lp);J;W;OR';JI;dw

OR";J2;*dbM"; - NOISE JAMMING POWER'

1650 LPRINT:LPRINT - (a).J=PJ*GJ*Bn*Ae/(4*PI*R^2*Lp)=*;J;"7 OR;,JlI;"dbw";
OR";J2;'dbm",: NOISE JAMMING POWER'

4. 9 1660 RETURN

1650 'CALCULATION& PRINTOUT FOR PART b:

1700 PRINT: PRINT: PRINT'PARTb:*

1710 PRINT- ----

720 LPRINT:LPRINT: LPRINT ' PART V:

1730 LPRIN1T---------
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1740 LETJ.S 1 J.S, 1O:J.S2=CINT( l0'J.S 1)

1750 LET J.S3=0 'because CF=O
1750 LETJ.S4=J.S3/10 :J.S5=10'J.S4

1700 LET R2=CI NT(R I ((J.S5/J.S2'(1 14)))

1790 PRINT:PRINT' -1(n). R2=(,R I*((J/S)2/(J/S) 1)" 1 /4)))= P2;-KM;" RAN 3E A- 'dHH P-

ROUNDSBURNSTROUGH'

11800 LPRINT: LPRI NT' - (b). R2=(R 1 ((J/S)2/(J/S) 1 )'11/4)))=";R2; KM; - RANGE AT WHICH

THE ROUNDS DURNSTROUGH"

* * 1810 RETURN
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PROBLEM"5

""-" GIVEN

1. fO= 16.1 6Hz : OPERATING FREQ

2. Pa= 80KW PEAK POWER
3. Go= 46 db ANTENNA MAIN BEAM GAIN

4. GI= 16 db -ANTENNA SIDELOBE GAIN

5. fp= 8600 MHz P.R.F

6. T= .25 mlcsec. PULSE WIDTH

7. F= 12 db RECEIVER NOISE FIGURE

8. Bn= 5 MHz RECEIVER NOISE BANDWIDTH

* 9.To= 290 KELVIN ANTENNA NOISE TEMPERATURE

10. Ss= 25 Deg. ANTENNA SECTOR COVERAGE

11. Sr= 167 scans/sec ANTENNA SCAN RATE

12. Pj= 100 W OUTPUT POWER OF THEJAMMER

13. Srf= 20 MHz RF NOI SE BANDWIDTH OF THE JAMMER

14. Gj= 23 CO ANTENNA GAIN OFTHE JAMMER

i. R= 20 KM •RANGE WHERE THE JAMMER IS POSITIONED

16. J.S= 24db (.J/S) RATIO

17. CF= 0 db CAMOFLAGE FACTOR

1-. I8. Lp=3 db PLUMBING LOSSES

19 R1=4K! -.RNGE AT WHICH THE LTCW ROUiJDrCE-EcTFCJCH TH -AE,.,

BEAM

PART a:

I (a). J=PJ*GJ*Bn"Ae/(4"PI *R2*Lp)= .549682 E-09 W OR -92.5989 dbw OR -52.5989 dbmr:

NOISEJAMMING POWER

1ART b:

I (b). R2=(R *((J/S)2/(J/S) I)( I/4D)= I K1: RANGE AT WHICH "AE ROUNDS BRNSl -RCLIUCI
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%N

10 PRINT: PRINT TAB(30);" PROBLEM 6"

20 PRINTTAB(30); -

30 LPRINT: LPRINT TAB(30);" PROBLEM 6"'

4C LPRINT TAB(30) "---------

50 DIm F(4),1(4),Savii4),N(4),Y¢(4),m(4),m I (4),m2(4)

50 PRINT PRiNT "ETER THE AVERAGE VALUE OF THE CLOUD CROSS SE:TIC'J ,; i:,:-n
70 INPUT S I

80 PRINT: PRINT" ENTER THE CROSS SECTION OF THE INDIVIDUAL DIPOLES S2,53 IN

milinches"

90 INPUT 52,3

100 PRINT: PRINT ENTER THE STEP OF THE FREQ. f(1),f(2),...IN 0Hz"

110 INPUT f(),f(2),f(3),f(4)

120 LET C= 3* 1O0 cm/s
170 LET f( 1)--f(1)* 10^9:f(2l=f(2)* 10 ':f(3)=f(3)*l10' f(4)=f- )*10O9

140 LET $4=S2"S3* I 0^-6*(2.54)2 convertlon from inches to cm.sQ.

150 FOR I= I TO 4

160 1(1)=C/f(1)

170 Sav(1)=.15*1(1)^2

180 N(I)= S I* I O/Sav(I)
SgO N(1)=CSNG( I00* NWI)

200 V(1)=CSNG(S4*1(1)*N(l))

210 m(I)=CSNG(2.7*V(I))

220 m I(1)=CSNG(m(1)/S 1)

230 m2(I)=CSNG(n(I)/(455*S )

240 NE'IT I

250 PR!NT PRINT "G I Y E N'

260 PRINT--------

270 LPRINT: LPRINT "G I V E N"

280 LPRINT --------

290 PRINT :PRINT" 0. SI =";S 1 ;dbsrn';': AVERAGE VALUE OF THE CLOUD CROSS SECTION"

300 LPRINT : LPRINT a. S I =';S I ;'dbsm";": AVERAGE VALUE OF THE CLOUD CROSS SECTION"

310 PRINT PRINT"b S2xS3=",S2xS3;"m1 Inch"'CROSSSECTIONALDIMENSIONSOFTHE

INDIVIDUALDI POLES"
." . L P INTsLPF:>'- .G 2',, C3&C".S"'"3.. ,>3m" ' :ROSS SECTICIAL DIiENS; Y_ ." '-"T3

IJ vI CJA_,F LE '
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330 PRINT: PRINT "C. t=*;f( 1)/1 O'9;f(2)/ 1 O9;1(3)/ 1 09;f(4)/ 10'9;*GHZ'; - FREQ. STEPS'

340 LPRINT : LPRINT c.f=&;t(1)/ 1O'9;f(2)/1I0^9;1(3)/ 1 09;f(4)/ 10Q;'GHZ"; -:FREO. STEPS'

350 PRINT: PRINT: PRINT ' OUTPUT'

360 PRINT----

37 ' LFRIINT: LPRINT: LPRIINT 'OLJPUT"

38 0 LPRINT----

390 FOR I=3T0 60

400 PR I N

410 LPRINT-

420 NEXT I
430 PRINT: PRINT" f [GHzI',i(CmI","tav(cm sq.]*, N*

440 LPRINT: LPRINT' - GHz1'jI[CMl"Sav(cm sq.]', N"

450 FOR 13 TO 6O

460 PRINT-"

470 IPRINT -

480 NEXT I

490 PRINT: PRINT 1(1)/ 10,(1Sv(I1()

500 LPRINT: LPRINT I1)/ 109,(1),Sv(l),N(l)

510 FORI1=3 TO60

520 PR INT '-";

530 LPRINT-;

540 NEXT I
550 PRINT: PR INT 1(2)/11 0^9,1(2),Sav(2),N(2)

560 LPRI NT: LPRINT f(2)/ 109,(2),SeV(2),N(2)

*-570 FORI1=3 TO60

580 PRINT-;

590 LPRINT-
600 NEXT I
61 RN:PIT13/109I3,aS)N3

620 LPRI NT : PRINT 1(3)/ 09,1(3),Sv(3),N(3)

630 FORI1=3 TO60

640 PR INT-

550 LPRINT-

-36.) NJE:1T I
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M8 LPRIN~T : PRINT 1(4)/ 0'9,1(4),SOv(4),N(4)

690 FOR 1=3TO 60
700 PR INT *-";

710 LPRINT-'

7:0 rJE;T I

730 PRINT: PRINT: PRINT TABLE CONTINUE:"
740 LPRINT: LPRItT: LPRINT *ABLE CONTINUE:'
750 PRINT: PRINT* V~cu.cmi", mlgrrnslvmr/S I grms/sq.m",' rn/Si [lbs/sq.mJ*

760 LPRINT:LPRINT'-VtCu.CM]V, mlgrms]7",m/S I grrns/sq.m]7; rn/S 1[1 bs/sq.mJ'

770 FOR 1=3 TO60
780 PR INT"-";

790 IPRINT-"

800 NEXT I

820 LPRINT: LPRINTV(i),m(I),m I(I),m2(I)

*830 FORI1=3 TO60

540 PR INT '-";

850 LPRINT;
560 NEXT I

870 PRINT: PRINT V(2),m(2),m 1(2),rn2(2)
880 IPRINT : LPRINT V(2),M(2).rn 1 (2),mn2(2)

890 FORI1=3 TO60

900 PR INT-;

910 LPRINT-
920 NEXT I
930 PR INT : PRINT V(3).M(3),m 1 (3),m2(3)

940 IPRINT : LPRINT Y(3),rn(3),m I1(3),m2(3)
950 FOR 1=3 TO 60

960 PRINT -

970 IPRINT -

980 NEXT I
990 PR INT : PR INT V(4),M(4),rn 1 (4).m2(4)

1000 LPRINT: LPRINT V(4).M(4),m 1 (4),m2(4)
0: (,0 PRINT -PRINT"DO YOU WANT TO TRY AGAIN ANOHTE Y/N?"
0211 INPUT A$
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1030 IF LEFT$(A$, 1 )&Y OR LEFTS(AS,1 )&~f THENLPRII9IT LPRINT GOTO ~O
1040 ~NO

tl. ~

'4'

~

0

V.

p.-,
4.~ 'S.

~,* *v

2
p.. ~

-''I-
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PROBLEM05

GIVEN

a. S1= 10 dbm :AVERAGE VALUE OF THE CLOUD CROSS SECTION

t. S2xS3= .5 x 5 ml.lnch :CROSS SECTIONAL DIMENSIONS OFTHE INDIVIDUAL DIPOLES

c. f= 1 2 5 10 GHz :FREQ.STEPS

OUTPUT

f [GHz] l[cm] Sav[cm sq.] N

I 30 135 740.741

2 15 33.75 2962.96

5 6 5.4 18518.5

10 3 1.35 74074.1

TABLE CONTINUE:

v:.'u.crnl mlgrms] rn/SlIgrms/so.m] m/Slllbs/sq.ml

35422 .967739 .0967739 .00021269

.716844 1.93548 .193548 .00042538

1.79211 4.8387 .48387 .00106345

3.5 422 9.67739 .967739 .0021269
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10 PRINT: PRINT TAB(30); "PROBLEM 17'

20 PRINT TAB(30); " - ----

310 GOSUB 100 :GOSUB 1080

40 GOSUB 1390: GOSUB 1840

50 PRINT: PRINT" DO YOU WANTTO TRY AGAiN FOR DIFFERENT OR THE SAME C,,

.4- ,60 INPUT D$

70 IF LEFT$(D$, 1 )=" OR LEFT$(D$, 1)='Y" THEN 30

80 END

100 INPUTS THE DATA

120 PRINT: PRINT" ENTERTHE PEAK POWER Pp IN MW"

130 INPUT Pp: PRINT: PRINT' 1. Pp=";Pp;'MW"

140 PRINT: PRINT"ENTERTHE PULSE WIDTHT IN mlcsec."

150 INPUT T: PRINT: PRINT * 2. T=';T;"mlcsec."

160 PRINT: PRINT "ENTER THE P.R.F fp IN Hz"

170 INPUT fp PRINT :PRINT *3. fp=";fp;'Hz"

180 PRINT PRINT"ENTER THE ANTENNA GAIN Go IN db"

190 INPUT Ga: PRINT: PRINT "4. Ge=';Ga;"db"

200 PRINT: PRINT"ENTER THE OPERATING FREQ. fO IN GHz"

210 INPUT fO: PRINT : PRINT " 5. f(=';f(];'GHZ"

220 PRINT:PRINT "ENTER THE RECEIVER NOISE BANDWIDTH On IN MHz*

230 INPUT Bn :PRINT : PRINT " 6. Bn=';Bn;'MHz"

240 PRINT: PRINT " ENTER THE ANTENNA SCAN RATE Wm IN RPM"

250 INPUT WM: PRINT : PRINT" 7. Wm:&;Wm;'RPM"

260 PRINT: PRINT" ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg."

270 INPUT A.B. PRINT: PRINT" 8. A.B=";A.B;*Deg."

280 PRINT: PRINT ENTER THE RECEIVER NOISE FIGURE F IN db"

290 INPUT F. PRINT:PRINT"g. F ";F;"db"

300 PRINT: PRINT "ENTER THE ANTENNA NOISE TEMPERATURE Ta IN KELVIN"

310 INPUTTTa:PRINT:PRINT' I0.Ta=';TO;KELVIN"

3 320 PRINT: PRINT 'ENTER THE PLUMBING LOSSES Lp IN db"

330 INPUT Lp: PRINT : PRINT" 1 .Lp=";Lp;'db"

340 PRINT : PRI'T ENTER THE rALSE ALARM PROBABILITY Pfa"

3O INPUT Pft. PRINT: PRINT 12. Pfao= ;CSNG(Pfa)

r.'. . 2 22
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360 PRINT: PRINT'NOW SOTO PART a AND INPUTTHE DATA"

370 PRINT: PRINT 'ENTER THE CROSS SECTION OFTHE NON-FLUCTUATING TARGET S IN dbsm"

380 INPUT S: PRINT : PRINT " 13. S=';S;"db m"

390 PRINT: PRINT "ENTER THE PROBABILITY OF DETECTION Pd"

4 0 INPUT Pd: PRINT: PR!NT" 14. Pd=';Pd

410 PRINT: PRINT"GOTO PARTbAND INPUTTHE DATA"

420 PRINT: PRINT "ENTER THE CROSS SECTION OF THE TARGET AIRCRAFT S I IN dbem"

430 INPUTS1 :PRINT:PRINT" 15.Sl=*;SI;"dbsm"

440 PRINT: PRINT 'ENTER THE CROSS SECTION OFTHE CHAFF CLOUD S2 IN sq.m"

450 INPUT S2: PRINT: PRINT" 16. S2=";S2"sQ.m"

460 PRINT: PRINT ENTER THE RADAR-TARGET DISTANCE R INKM

470 INPUT R : PRINT : PRINT" 17. R=';R;"KM"

480 PRINT: PRINT* ENTER THE RADIAL VELOCITY OF THE TARGET Ut IN KNOTS"

490 INPUT Ut: PRINT: PRINT" 18. Ut="Ut;KNOTS"

500 PRINT: PRINT " IS THE INPUT DATA CORRECT Y/N?"

510 INPUTAS

520 IF LEFT$(A$,I)=*Y" OR LEFTS(A$, t)=U" THEN 1060

530 PRINT: PRINT "WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

:t 540 PRINT: PRINT" 1. THE PEAK POWER?%," 2. THE PULSE WIDTH?"

550 PRINT : PRINT '3. THE PRF?'," 4. THE ANTENNA GA IN?"
560 PRINT: PRINT" 5.THE OPERATING FREQ.?'," 6. RECEIVER'S NOISE BANDWIDTH?"

570 PRINT: PRINT "7.THE ANTENNA SCAN RATE?"," 8.THE AZIMUTH BANDWIDTH?"

580 PRINT: PRINT" g.THE RECEIVER'S NOISE FIGURE?'," 10. THE ANTENNA NOISE

TEMPERATURE?"

590 PRINT: PRINT" 1 I.THE PLUMBING LOSSES?",' 12.THE FALSE ALARM PROBABILITY,"

600 PRINT: PRINT" 13. THE CROSS SECTION OF THE TARGET IN PART o" 14. THE

PROBABILITY OF DETECTION OF PART a?"

610 PRINT: PRINT" 15. THE AIRCRAFTS CROSS SECTION IN PART b?"," 16. THE CHAFF'S CROSE

SECTION OF PART b?"
620 PRINT:PRINT" 17 THE RANGE OF THE TARGET?'," 18. THE RADIAL VELOCITY OF THE

AIRCRAFT?"

630 INPUTC$

640 IF C$=- I THEN PRINT: PRINT "ENTERTHE PEAK POWER Pp IN MW"

5!) IF 3=I THEN INPUTPD: PRINT PRINT" 1. P--,Pp*MW": GOTO 1000

560 IrC$="2' THE;JPRINT PR;NT"ETERTHE PULSE WIDTH 7 !Nmlc3@c.'
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670 IF C$=2". THEN INPUT T: PRINT: PRINT' 2. T=*;T;"mlcsec.": GOTO 1000

680 IF C$='3" THEN PRINT: PRINT "ENTER THE P.R.F fp IN Hz"

690 IF CS3 THEN INPUT fp: PRINT : PRINT * 3. fpz';fD;"Hz": GCTO 100C

700 IF C$="4" THEN PRINT, PRINT "ENTER THEA TENNA 3AIN Ga IN ab"

710 IF C$z"4" THEN INPUT Go: PRINT: PRINT'4. 5e=';Ga;'db'. GCTC I C "

720 IF C$="5" THEN PRINT: PRINT"ENTER THE OPERATING FREQ. f0 IN GHZ

730 IF C$=5" THEN INPUT fO: PRINT: PRINT 5. fO=';fO;GHz': GOTO 1000

740 IF C$=6 THEN PRINT: PRINT" ENTER THE RECEIVER NOISE BA"DWIDTH Bn IN MHz"

750 IF CS='6" THEN INPUT Bn: PRINT: PRINT" 6. Bn=;Bn;'MHz': GOTO 1000

760 IF C$='7" THEN PRINT: PRINT "ENTERTHE ANTENNA SCAN RATE Wm IN RPM"

770 IF C$='7" THEN INPUT Wm: PRINT: PRINT" 7. Wm=";Wm;"RPM": GOTO 1000

780 IF C$='8" THEN PRINT: PRINT "ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg."

790 IF C$=a8" THEN INPUT A.B: PRINT : PRINT" 8. A.B=*;A.B;"Deg.": GOTO 1000

800 IF C$='9" THEN PRINT PRINT "ENTERTHE RECEIVER NOISE FIGURE F IN b

810 IFC$='g" THEN INPUT F: PRINT:PRINT'g. F=";F;'db":GOTO 1000

820 IF C$= 10" THEN PRINT: PRINT*ENTER THE ANTENNA NOISETEMPERATURE To IN

KELVIN"

* 830 IF C$=I0" THEN INPUTTo:PRINT:PRINT" 10.Te=;Ta;KELVIN':GOTO 1000

840 IF CS='I I' THEN PRINT : PRINT "ENTER THE PLUMBING LOSSES LD IN db"

850 IF CS=' 11" THEN INPUT Lp: PRINT: PRINT" 11. LD=";Lp,'db": GOTO 1000

860 IF C$=' 12' THEN PRINT: PRINT"ENTERTHE FALSE ALARM PROBA1I1LITY Pe"

870 IF C$=" 12" THEN IINPUT Pfa: PRINT: PRINT' 12. Pfa=';CSNG(Pfo): GOTO 1o00

880 IF C$=' 13" THEN PRINT: PRINT " ENTER THE CROSS SECTION OF THE NON-FLUCTUATING

TARGET S IN dbsm"

890 IFC$='13" THEN INPUTS:PRINT: PRINT" 13. S=';S.'dbsm":GOTO 1000

900 IF C$='14" THEN PRINT: PRINT" ENTER THE PROBABILITY OF DETECTION Pd"
910 IFC$='14" THENINPUTPd:PRINT:PRINT' 14. Pd=';Pd GOTO 1000

920 IF C$='15" THEN PRINT: PRINT "ENTER THE CROSS SECT ION OF THE TARGET AIRCRAFT

S I IN dbsm"

930 IFC$=15" THEN INPUTSI: PRINT:PRINT" 15.SI=*;SI;*dbsm'.GOTO 1000

940 IF C$='16" THEN PRINT PRINT" ENTER THE CROSS SECTION OF THE CHAFF CLOUD $2 IN
gq.m"

950 IFC$='16" THEN INPUTS2:PRINT:PRINT 16. S2=',S2;"sq.m" GOTO'000

.60 IF C$='1 7" TLEN PRINT: PIINT ENTER THE RADAR-TAF-3ET DIST,]C- 11'-I,

7) IF C$=' 17" THEN INPUT R PRINT: PRINT' 17. F_'R;'KM" GCT. I6000
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960 IF Cs=" 18" THEN PRINT: PRINT" ENTER THE RADIAL VELOCITY OF THE TARGET Ut IN
KNOTS"

9,0 IFCS='18" THENINPUT Ut:PRINT: PRINT" 18. Ut=";Ut,;KNOTS': GOTO 1000

C O0 PRINT. PRINT" IS EVERVTHING O.K '4'.q "

. 1010 INPUT $
1020 IF LEFT$(B$, 1)="V OR LEFT$($, 1)=" THEN GOTO 1060

1 1030 PRINT: PRINT ' WHAT DO YOU WANTTO CHANGE AGAIN?"

1040 PRINT: PRINT "HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU
. rMALAKA"

1050 INPUTFS :G0TO540

1060 RETURN
1070 ~ee~eeeeQeue~e

1080 PRINTS THE INPUT DATA

1110 LPRINT: LPRINTTAB(30);" PROBLEM *7

1120 LPRINTTAB(30); -----

1130 LPRINT: LPRINT: LPRINT "G I V E N"

1140 LPRINT---

1150 LPRINT: LPRINT 'I. Pp=";Pp;MW", : PEAK POWER'

1160 LPRINT :LPRINT 2. T=;T;'mlc3ec." ," : PULSE WIDTH"
1170 LPRINT :LPRINT "3. fp=";fp;"Hz," : PRFm

1150 LPRINT• LPRINT "4. Ga=';Ga;"db"." : ANTENNA GAIN"

1 190 LPRINT : LPRINT "5. f0=';10;GHz"," : OPERATING FREQ."
1200 LPRINT : LPRINT "6. Bn=';Bn;"MHz",- : RECEIVER NOISE BANDWIDTH"

1210 LPRINT:LPRINT 7.Wm=';Wm;'RPM", : ANTENNA SCAN RATE"

1220 LPRINT:LPRINT " 8.A.B=;A.B;'Deg.," :AZIMUTH BEAMWIDTH"
1230 LPRINT : LPRINT" Q.F=;F;"db" , -RECEIVER'S NOISE FIGURE"

* 1240 LPRINT : LPRINT 10. Ta=";To;'KELVIN*," : ANTENNA NOISETEMPERATURE"

1250 LPRINT :LPRINT 1 I1. Lp=;Lp;"db * PLUMBING LOSSES"
1260 LPRINT :LPRINT 12.Pfe=";CSNG(Pfe), : FALSE ALARM PROBABILITY'

1270 LPRINT: LPRINT *GIVEN DATA FOR PART 8:"
.- 1280 LPRINT" -------------------

1290 LPRINT LPRINT" I S'S;'3lm, TARGET'S CROSS SECTICN"

.,PRIN" LPINT'2. Pd=;Pd "•PROBABILITY OF DE, ECTION"

-' 3 C L.PINT• LFRINT 'GIVEN DATA FOR PART b:"

2250e~
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1320 LPRINT" -

1330 LPRINT: LPRINT " I. S I =';S I ;dbsm"," AIRCRAFT'S CROSS SECTION"
1340 LPRINT: LPRINT "2. S2=;S2;'sq.m"," : CHAFF'S CROSS SECT iON"

1!50 LPRINT : LPRINT " 3. R=';R;"KM", ' : RADAR-TARgET DISTANCE"

I650 LPRINT : LPRINT r4. Ut=";Ut,'knots", : RADIAL VELOCITY OrF THE AIRCRAFT"

1370 RETURN

1390 'CALCULATION& PRINTOUT FOR PART o:

1410 LET PI=3.14159 : C=3*10"8 rn/s
1420 LET K= 1.38* 10'-23 'BOLTZMAN'S CONST. J/deg.

1430 LETTO=290 'KELVIN

1440 LET O:tO0*10'9 : l=C/fO

1450 LET P=Pp* 10"6

1460 LET Ga I =Ga/10: Ga2CINT(I O'GI )

1470 LET Ae=CSNG(I'2*Ga2/(4*PI)) 'effective area

1480 LET Lpl =Lp/10: Lp2=CSNG(IOtlp1)
1490 LET Se:S/ 10: Sb= I O'So

1500 -LET FI=F/10: F2= IOI

1510 LETTe=CINT((F2- 1*1T0)

1520 LETBn=Bn*10^6

1530 PRINT: PRINT" NOW FROM Fig. 2.7 (SKOLNIK Pg. 28) YOU CAN FIND TIT (S/,J); SINCE '0L

NOW:"

:540 PRINT: PRINT ". Pd:';Pd
1550 PRINT :PRINT "D.Pfa= ;CSNG(Pfa)

1560 PRINT: PRINT 'ENTER THE (S/N) I,SN IN db"

1570 INPUT SN

1580 LET SN1:SN/I0: SN2=CINT( 10SN 1)

1590 LET n.fp*A.B/(6*Wm)

1600 PRINT : PRINT" FROM Fig. 2.8(0) (SKOLNIK Pg. 31) YOU CAN FIND THE INTEGR. IMR. FACTOR

SINCETHE PROGRAM CALCULATED FOR VOY:"
1610 PRINT -PRINT a.n:'zn

1620 PRINT:PRINT"b. Pd=';Pd

' 630 PRIT : POIIT "C. -if:" I /Pf8)

1640 PRINT PRINT" ENTERTI1EINTEGR. IMR. FACTOR i(n), I I"
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1650 INPUTIll
1660 LE T I IkCS4G( I 0OE4342g45a**LO(jj I)
1 67CLETRmax=(Pp*Ga2*Ae*Sb*Il 1/((4*PI )'2*K*(Te+To)*Bn*SN2*Lp2))'( 14)
i6-30 PRINT -PRINT: PPINTUPART a:'

i (90 PRNT-------
1700 LPRINT: LPRINT: LPRINT'PARTa:*
1710 LPRIN ------

1720 PRINT: PRINT* I. fl*;f;":*OF HITS INTEGRATED"
1730 PRINT:PRINT "2. (S/N) 1 =*;SN;db; ":THE SIGNAL-TO-NO ISE RATI 10
1740 PRINT: PRINT' 3. II(n)=&;I1 1;":THE INTEGR. IMPR. FACTOR'
1750 PRINT: PRINT "4. nf=;CSNG( i /P1fa); - FALSE ALARM NUMBER"
1760 PRINT: PRINT5S.
Rmex=(Pp*Ge*Ae*Sli(n)/((4*Pl)y2*K*(Te+Te)*6fl*(S/N) 1 *Lp))*( 1 /4)=":CSNG(Rma,! I Or"'

M:rAX. RANGE'
1770 LPRINT : LPRINT I . n=&;n; 'IOF HITS INTEGRATED"

01760 LPRINT: LPRINT 2. (S/N) I =";SN;db; " :THE SIGNAL-TO-NOISE RATIO'
1 790 IPRINT:LPRINT 3. 11(n):;1 1;" THE INTEGR. IMPR. FACTOR'
1800 LPR INT: LPR INT " 4. nf =";CSNGI 1/Pf a); ': F ALSE ALARM NUMBER"
1810 LPR INT: LPR INT ' .
Rmnex=(PP*Ge*Ae 4SlI(n)/((4*PI)^2K*(Te+Te)vBfl*(S/N) 1 *Lp))*( 1 /4)=;CSNG(Rmdx/'I 00C))
:lAX. RANGE'

1820 RETURN

1840 'CALCULATION &PRINTOUT OF PART b:

1860 LET td= 1 .03*Ut/i
1870 LET H=CSNG(4(SIN(Pfd/fp))^2)

1880 LETA=IE*16

1890 LET CA=Af P2/(2*Pr'2*fO'2)
1900 LETCA=CINT(CA)
1910 LETCA I CSNG(1 0*.4342945*"LOG(CA))

1920 LETSC1n=SI/S2

1930 LETSC=CINT( 104 .4342945LG(SC~n))

4C- LETSCout-zCINT'SCiI?*CA)

S SC L7 SCout= C INT( 0 ;31429 4S*,LCG(SC out))
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1960 PRINT: PRINT: PRINT "PART b:

1970 PRINT"-

1980 LPRINT: LPRINT: LPRINT 'PART b:

1990 LPRINT -

2000 PRIT: PRIPIT"* I.(S1C)out=;5Cout;D"; SIGNAL-TO-CLUTTER RATIC 4T THE 7- .

OFTHE DELAY LINE CANCELLER"

2010 LPRINT: LPRINT * I. (S/C)out=';SCout;db'; :SIGNAL-TO-CLUTTER RATIO AT THE OUTPUT

OFTHE DELAY LINE CANCELLER"

2020 RETURN

"~22

0
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PROBLEM*7

G I YE N

1. Pp= I MW :PEAK POWER

2.T= 1.4mlcuc. :PULSE WIDTH

3. fp= 800 Hz •PRF

4. Ga= 26 db ANTENNA GAIN
5. fO= I GHz :OPERATING FREQ.

6. Bn= 1.5 MHz :RECEIVER NOISE BANDWIDTH

7.WM= 10 RPM •ANTENNA SCAN RATE

8. A.B= 3.9 Deg. AZIMUTH BEAMWIDTH

9. F= g Clb RECEIVER'S NOISE FIGURE

10. Ta= IOOKELVIN :ANTENNA NOiSE TEMPERATURE

11. LP= 2 b PLUMBING LOSSES

12.Pfa= 1E-12 :FALSE ALARM PROBABILITY

GIVEN DATA FOR PART a:

I. S= 0 dbsm TARGET'S CROSS SECTION

, 2. Pd= .9 PROBABILITY OF DETECTION

3iYEN DATA FOR PART b:

I.S1= 10dbsm -AIRCRAFT'S CROSS SECTION
2. S2= 500 sa.m : CHAFF*S CROSS SECTION

3. R= 30 KM :RADAR-TARGET DISTANCE

4. Ut= 300 knots RADIAL VELOCITY OF THE AIRCRAF,
.J-

PART a:

1. l= 52 *OF HITS INTEGRATED
A 2. (S/N) 1 15.8 db :THE SIGNAL-TO-NOISE RATIO

3. II(n)= 23.5 "THE INTEGR. I MPR. FACTOR

4. nf= IE+ 12 :FALSE ALARM NUMBER

5.Rmex:(PpGa Ae *S* I(n)/((4*PI)'2 *K(TaTe G/(51 %) _p') 1 9 4 t'l

"' . RANGE
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S/C)OUt= 12db: SIGNAL-TO-CLUTTER RATIO AT THE OUTPUT OFTHE DELAY LI-NE CAIJCE!6.,ER
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10 PRINT : PRINT TAB(30);" PROBLEM *8"

20 PRINTTAB(30);---------

30 GOSUB 100: GOSUB 1020 : GOSUB 1250

4jC GCSUB 1410: GOSUB 1680: GOSUB ! 890

D PR"IT PRINT " DO YCU WANT TO TRY AGAIN FOR DFFERELPT 2R TI-' SATE ,'.

60 INPUT D$

70 IF LEFT$(D$, I) =Y" OR LEFT$(D$, 1 )='" THEN 30

50 END

100 INPUTS THE DATA

120 PRINT: PRINT" ENTER THE RANGE OF THE OPERATING FREQ. f 10,f20 INGHz"

* 130 INPUT f 1 Of20 : PRINT: PRINT" 1. f 1 O-";f 1 0,"f20=";f20;'GH:"

140 PRINT. PRINT" ENTER THE PEAK POWER Pp IN KW"

150 INPUT Pp: PRINT: PRINT" 2. Pp=";Pp;"KW"

" 160 PRINT: PRINT 'ENTER THE PRF fp IN Hz"

170 INPUT fp: PRINT : PRINT "3. fp=';fp;"Hz"

180 PRINT: PRINT "ENTER THE PULSEWIDTH T IN nsec."

190 INPUT T: PRINT:PRINT "4.T=*;T;"n99c."

. 20) PRINT ' PRINT" ENTER THE ANTENNA GAIN Go IN db"

210 INPUT Ga:PRINT:PRINT S. Ga=';Ga;db"

220 PRINT: PRINT" ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg."

230 INPUT A.B. PRINT : PRINT" 6. A.B=";A.B;"Deg."

240 PRINT: PRINT 'ENTER THE ANTENNA SCAN RATE Wm IN RPM"

2 5 0 INPUT Wm: PRINT: PRINT" 7. Wm=";WM;"RPM"

260 PRINT: PRINT 'ENTER THE PLUMBING LOSSES LID IN db"

27 I74rUT . PRINT: PRINT * 8. Lp=";Lp;"db"

280 PRINT PRINT " ENTER THE Rx NOISE FIGURE Rx IN db"

290 INPUT Rx: PRINT : PRINT "9. Rx=';Rx;"db"

300 PRINT:PRINT'ENTERTHEAIRCRAFT'SALTITUDEHaINft"

310 INPUT ea: PRINT: PRINT" 10. Ha=';He;"ft"

32. PRINT: PqlIT ENTER THE RANGE TO SUBMARINE Rs IN Ky(ards"

.-0 INPUT Rs PRINT: PR l " I .Rs=".Rs:"Kyards"
"3- RINT- PPINT 'ENTER THE PEPICCPE RCS IN s. m"

,51 INPUT R:S :IINT:FRI,-IT : 1 ,C3 "
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360 PRINT: PRINT NOW GOTO PART (a) AND INPUT:"

370 PRINT: PRINT ENTER THE AVERAGE DURATION OFTHE SEA CLUTTER SPIKES t lfa IN sec."
380 INPUT tlfa:PRINT:PRINT" 13.tlfa=";tlfa;*sec."

390 PRINT:PRINT'ENTERTHE FALSE ALARM TIME Tf oIN sec."

400 INPUT Tfa: PRINT: PRINT* 14.Tfa= 1Tfa;'sec."

410 PRINT: PRINT" NOW FROM PART (d) INPUT:"
420 PRINT: PRINT 'ENTER THE POST DETECTION INTEGRATION PERIOD TB IN sec."

430 INPUTTS:PRINT: PRINT" 15. Ts=';Ts;"sec."

440 PRINT :PRINT" ISTHE INPUT DATA CORRECT Y/N?"
450 INPUT AS
460 IFLEFT$(A$,1)=*Y'OR LEFT$(A$,I)="y" THEN 1000
470 PRINT " WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"
480 PRINT: PRINT " 1. THE RANGE OF THE OPERATING FREQ.?"

490 PRINT : PRINT "2. THE PEAK POWER?"
500 PRINT: PRINT "3. THE P.R.F?"

510 PRINT: PRINT '4.THE PULSEWIDTH?"

520 PRINT: PRINT" 5. THE ANTENNA GAIN?"
530 PRINT: PRINT '6. THE AZIMUTH BEAMWIDTH?"

540 PRINT : PRINT "7. THE ANTENNA SCAN RATE?"

550 PRINT: PRINT " 8. THE PLUMBING LOSSES?"
560 PRINT :PRINT" 9.THE Rx NOISE FIGURE?"

570 PRINT: PRINT" 10. THE AIRCRAFT'SALTITUDE?"

580 PRINT : PRINT" 11. THE RANGE TO SUBMARINE?"

* 590 PRINT:PRINT" 12. THE PERISCOPE RCS?"

600 PRINT: PRINT" 13. THE AVERAGE DURATION OF THE SPIKES?"

610 PRINT:PRINT" 14.THE FALSE ALARMTIME?'
620 PRINT:PRINT" 15. THE POST DETECTION INTEGRATION PERIOD?"

630 INPUT C$

640 IF C$="I THEN PRINT: PRINT"ENTER THE RANGE OF THE OPERATING FREQ. 1 0,ft20 IN

GHz"

650 IF C$='I" THEN INPUT f 10,f20: PRINT: PRINT" 1J 10=";fl10,if20=';f20;'GHz". GOTO 94(

660 IF CS="2" THEN PRINT: PRINT" ENTER THE PEAK POWER Pp IN KW"

670 IF C$:'2" THEN INPUT Pp: PRINT: PRINT" 2. Pp:';Pp;'KW": GOTD 940

58) IF C$"3" TZNPR;NT: PRINT ENTER THE PRF fp ,N Hz"

-5 9 I'C$= 3" THEN INPUT fT PRINT: PRINT 3. fp=';fp;'Hz* GOT 940

.. 1 .-
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700 IFC$=*4" THEN PRINT: PRINT ENTERTHE PULSEWIDTHT IN nsC."
710 IFCS="4" THEN INPUT T: PRINT PRINT" 4, T';T;'nsec.':GOTO940

720 IF C$='5" THEN PRINT PRINT 'ENTER THE ANTENNA GAIN Ga IN db"
7!:) IF CM'5" THE'I 1IhPUT 30: PRINT: PRINT" 5. Ga=";Ga;"db": G070 940

740 IF C$=*6" THEN PRINT: PRINT "ENTER THE AZIMUTH SEAMWIDTH 04.1. IN Dec.'

750 IF C$='6" THEN INPUT A.B. PRINT: PRINT '6. A.B=";A.B;'Deg.': GOTO 940
760 IF C$=7" THEN PRINT: PRINT * ENTER THE ANTENNA SCAN RATE Wm IN RPW

770 IF C$='7" THEN INPUT WMi: PRINT : PRINT "7. Wm=';Wm;RPH" : GOTO 940

780 IF C$='8" THEN PRINT: PRINT "ENTER THE PLUMBING LOSSES Lp IN db"

790 IF C$=8" THEN INPUT LD: PRINT: PRINT *8. Lp=';Lp;"db": GOTO 940
- 800 IFC$="g" THEN PRINT: PRINT "ENTERTHERXNOISE FIGURE RX INdb"

810 IF C$=*9" THEN INPUT Rx: PRINT: PRINT" 9. Rx=";Rx;"db": GOTO 940

320 IF C$=' 0" THEN PRINT: PRINT " ENTERTHE AIRCRAFT'S ALTITUDE Ha N ft"
33 0 IFC$='1O" THEN INPUT Ha: PRINT: PRINT" 10. Ha=";Ha;'ft": GOTO 940
840 IF C$="I 1" THEN PRINT : PRINT" ENTER THE RANGE TO SUBMARINE R9 IN Kyards"

0 850 IF C$= 1" THEN INPUT Rs: PRINT: PRINT " 11. Rs=';Rs;'Kyards : GOTO 940

860 IF C$=1 2' THEN PRINT: PRINT" ENTER THE PERISCOPE RCS IN sq. m"
870 IF C$=1 2 THEN INPUT RCS: PRINT: PRINT" 12. RCS=";RCS;*sa.m": GOTO 940

880 IF C$=" 13" THEN PRINT : PRINT" ENTERTHE AVERAGE DURATION OF THE SEA CLUTTER

SPIKES t 1 to IN sec."

"90 IF C$='13" THEN INPUT t1le: PRINT: PRINT" 13. t fa=';t Ifa;sec.": GOTO 940

900 IF CS="14" THEN PRINT: PRINT" ENTERTHE FALSE ALARM TIME Tfa IN sec."
910 IF C$'I 4" THEN INPUT Tfe: PRINT: PRINT" 14.TfO=;Tfa;"sec.":GOTO940

920 IFC$='15" THENPRINT:PRINT ENTERTHEPOSTDETECTIONINTEGRATIONPERIODTsIN

Sec."

930 IF C$=15" THEN INPUT Ts: PRINT: PRINT 15. Ts=";Ts;'sec.': GOTO 940
940 PRINT : PRINT' IS EVERYTHING O.K NOW?"

950 INPUT B$

960 IF LEFT$(B$, I)='Y" OR LEFT$(B$, I)=*y" THEN 1000

970 PRINT: PRINT WHAT DO YOU WANT TO CHANGE AGAIN?"

980 PRINT: PRINT" HIT ANY KEY IN YOUR KEYBOARD ANDEVERYTHING WILL WORK FOR YOU

MALAKA"

990 INPUT F$ GOTO 480

co00 f TupN
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1020 PRINTS THE INPUT DATA

1040 LPRINT LPRINTTAB(30); "PROBLEM *8*

1050 LPRINTTAB(30); ------

I1050 LPRINT: LPRINT"G IVYEN"

1070 LPRINT"------

1080 LPRINT: IPRINT' 1.1 fI0=';f It0,'20=";(20;"GHz SPC(1);": RANGE OF THE OPERATING

FREQ.

1090 LPRINT: LPRINT 2. Pp=*Pp;i(W" SPC(JO); ": PEAK POWER"

1100 IPRINT: IPRINT 3. tP=;P;"HZ" SPC(9); -. RF

1110 LPRINT: LPRINT"4T=';T;"n sec.'SPC(8); : PULSEWIDTH'
1120 LPRINT: LPRINT *5. Ga=&,Ga;"db" SPC( I 1); ": ANTENNA GAIN'

qJ1130 LPRINT : IPRINT" 6. A.B=";A.3;Deg."SPC(6); AZIMUTH BEAMWIDTH'

1140 LPRI PIT:.LPR INT "7. Wm=";Wm;"RPM" SPCC9); ANTENNA SCAN RATE'
1150 LPRINT : LPRINT 8. Lp=;Lp;"db" SPC(1I2),' PLUMBING LOSSEG'

*1160 LPRINT: LPRINT"9. Rx;;db" SPC( 10);": Rx NOISE FIGURE"

1170 LPRINT :LPRINT" 10. He=";Ha;"ft" SPC(8);":AIRCRAFT'S ALTITUDE'

1180 LPRI NT: LPRINT" 11. Rs=";R9;"KyJerds" SPC(6);" RANGE TO SUBMARINE"

1190 LPR INT: IPR INT " 12. RCS=";RCS'sq.m" SPC(8) : PER ISCOP'S RCS"

1200 LPRINT: LPRINT" 13. t I t&=;t I fa;"9ec." SPC(7); : AYERAGE DURATION OF THE SEA

CLUTTERSPIKES'
12 10 IPRINT -LPRINT" 14. Tfa=";Tfa;"sec." SPC(6);": FALSE ALARM TIME"
1220 LPRINT: LPRINT" 15.Ts=";Ts;"soc." SPC(9);*: POST DETECTION INTEGRATION PERIOD"

1230 RETURN

1250 *CALCULATION& PRINTOUT FOR PART (a)

1270 PRINT: PRINT : PRINT"- PART()

1250 PRINT* -------
1290 LPRINT : LPRINT: LPRINT' PART (a)'

1300 LPRINT --------

1310LTPatf/e

1320 PRINT: PRINT "FROM Fig. 13.5 (SKOLNIK Pg. 479) YOU CAN FIND THETHRESHCLD LEVEL
'TRISH"' 511JCZ-OU <NOW:"

330) PRiNT PRINT** a. Pfea=;Pfa;-:PR.O8AiL~T' OF FALSE ALARM"
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1340 INPUT'I.THE SEASTATE IS, KS

1350 PRINT: PRINT ENTERTHE THRESHOLD LEVEL REQUIRED TO ACHIEVE Pfa=';Pfa

1360 INPUTTRSH

1370 LPR!NT LPRINT" 1(e). Pfe=;P1a;" FALSE ALARM PROBABILITY'

* 1380 LPRINT• LPRINT" 2(a). THRESHOLD=";TRSH;'db'; LEVEL THATTHE THRESH. NUST 3E ]E7

ABOVETHE MEDIAN CLUTTERTO ACHIEVE Pfa=";Pfa

1390 RETURN

*1410 'CALCULATION& PRINTOUT FOR PART (b)

1430 PRINT: PRINT: PRINT" PART (b)"

1440 PRINT"----

1450 LPRINT: LPRINT• LPRINT" PART (b)"
1460 LPRINT--

1470 LETC=3*IO'8 : Pl=3.14159: f20=f20*I0'9

* 1480 LET1=C/f20

1490 LET Ge I =Ga/10: Ga2:CINT(I O'G I1)

1500 LET Lp 1 =Lp/10: Lp2= I Olp I

1510 LET Pp:Pp* 10"3

1520 LET Ae=CSNG(Ga241V2/(4*PI))

1530 LETRS=RS*103*.914

1540 LET sec:CINT( I/COS(A.8*PI/180))

1550 LET T:T* 10^-9

1560 PRINT: PRINT " FROM FIG 13.3 (SKOLNIK Pg. 475) YOU CAN FIND THE CROSS SECTON SINCE

YOU KNOW:'

1570 PRINT: PRINT" THE GRAZING ANGLE=";s9c;" &THE POLARI'ATION'

1580 PRINT: PRINT "ENTER THE CROSS SECTION So IN db"
1590 INPUT SO:So I =So/I 0: S02= 10So I

1600 LET S=CSNG(P*Ga2*RCS*Ae/((4*PI )'2*Rs4*Lp2))

16 1 O.ETC I=CSNG(Pp*Ga2*Ae*So2*(A.B*P I/180)*(C*T/2)*sec/((4*PI'2*Rs3*(LD2/2)))

1620 LET SC=S/C I
ST 1630 LETSC=CSNG(10*.4342945,*LOG(SC))

1640 PRINT: PRINT' 1(b). (S/C)m=';SC;'db'; :SINGLE PULSE SIGNAL-TO-CLUTTER RATIO AT

THE RADDARRECEI VER INPUT'
1650 LPPINT LPRINT 1(b). (S/C)m=";SC;"db"; : SIIGLE PULSE SIGNAL-TG-CLJ-TER R-C IC
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THE RADARRECEI VER INPUT*
1660 RETURN

1680 CALCULATION& PRI NTOUT FOR PART (C)

1700 PRIN'T: PRINT: PRNT" PART (0)

1710 PRINT ----- --

1720 LPRINT: LPRI NT : LPRINT 'PART (0'
1730 LPRINT -------

1740 PRINT: PRINT -FROMTABLE I11. 1 (SKOLNIK Pg.426) SINCE YOU KNOW THE WEIGHTING
FILTER YOUVUSE, YOU CAN FIND:"

1750 INPUT "a. THE PEAK SIDELOSE SLL IN db",SLL
1780 INPUrT b.THE LOSS IN db'.LOSS

- '770 INPUT'c. MAINLOBE WIDTH (relative) M.WJIM.W
17810 LET f101I*10'

1790 LET W=f20-ft10

1800 LETTc=T/CT*W)*M.W

18610 LETA=C5NG(I 0*.4342g45*LG(2*T*W)- LOSS)
1820 LET SC ISC+A

1830 PRINT: PRINT" I (c.Tc=";Tc;"sec."; ': 3db WIDTH OF THE COMPRESSED PULSE"
1840 PRINT: PRINT " 2(c). (S/C)out=";SC 1 ;*db*;" :SIGNAL-MEAN CLUTTER POWER"

1850 LPRINT: LPRINT "lI(c). Tc=;Tc;sec.;':3 db WIDTH OF THE COMPRESSED PULSE'
;4~5C ...FRIN7 :LPRINT 2(C)o. (S/C)Out=";SC I;'db";"SIGNAL-MEAN CLLTT7.RP'WER"

1670 RETURN

1890 *CALCULATION & PRINTOUT FOR PART (d)

1910 PRINT: PRINT: PRIN"PART WY

1920 PRINT'---------

1930 LPRINT: LPRINT: LPRINT'PART M)
1940 LPRINT --------
1950 LET ns=A.B8fp/(6*Wm)

1960 LETflzfs*(300/60)*Ts
'970 PPJNT PRINT" FRCM FIG 2.8(a) (SKOLNIK Pg. 31) YOU CAi rIJD THE 1l(n) -JNCE Y1cuLk'ICN,
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1980 PRINT:PRINT *OF HITS=;n

1990 PRINT: PRINT* b. YOU'RE IN POST DETECTION CASE"

2000 PRINT PRINT" ENTERTHE INTEGRATION IMPR. FACTIOR Ift
21010 PPUTli

"C.t' LET I I= C TT( 10*.43429 45**.O G( II))

2030 LET B=SCI+II

2040 PRINT: PRINT" I(d). n=";n; : 'OF HITS"

2050 PRINT PRINT 2(d). li(n)=';Il;'db'; : INTEGRATION IMPR. FACTOR"

2060 PRINT: PRINT" 3(d). (S/C)=(S/C)out+ll(n)=;B;db';": INTEGR. IMPROVEMENT'

2070 LPRINT : LPRINT" I (d). n=";n; ": *OF HITS"

2080 LPRINT:LPRINT 2(d). II(n)=';l1;'db";":INTEGRATION IMPR. FACTOR"
2090 LPRINT: LPRINT" 3(d). (S/C)=(StC)out, ti(n)=';B;"*db';" :INTEGR. IMPROVEMENT'
210 0 RETURN

0

.
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PROILEM'I-

G GiVEN

1. 11 0= 9.5 f20= 10 GHz : RANGE OF THE OPERATING FREQ.

2. Pp= 500 KW PEAK POWER

3. f p= 1500 Hz P.R.F

4.T= 500 nsec. : PULSEWIDTH

5. Go= 35 db : ANTENNA GAIN

6. A.B= 2.4 Deg. :AZIMUTH BEAMWIDTH

7. Wn= 300 RPM ANTENNA SCAN RATE

8. Lp 5 db PLUMBING LOSSES

9. Rx= 7.5 db Rx NOISE FIGURE

* 10. He= 2000 ft :AIRCRAFT'S ALTITUDE

11. Rs= 16 Kyards RANGE TO SUBMARINE

12. RCS= 1 sq.m PERISCOP'S RCS

13. t I fa= 2 sec. AVERAGE DURATION OF THE SEA CLUTTER SPIKES

14. Tfa= 100 sec. FALSE ALARMI TIME

15. Ts= 5 sec. • POST DETECTION INTEGRATION PERIOD

PART o)

l(a).Pfa:= .02 :FALSE ALARM PROBABILITY

2(a).THRESHOLD= 12.5 db: LEYELTHAT THE THRESH. MUST BE SET ABOVE THE MEnI IAN 2LUTE.

TO ACHIEVE Pfa=.02

SPART(OP).

I (b). (S/C)m=- 17.6325 db: SINGLE PULSE SIGNAL-TO-CLUTTER RATIO ATTHE RADAR RECEIVER

INPUT

"ART .c).

1(c).Tc= 000000003 sec.: 3 db WIDTH OF THE COMPRESSED PULSE

.(c). (S/C)out: 8.0172 db: SIGNSAL-MEAN CLUTTER POWER
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I (d). n= 50 *OF HITS

2(d). 11(n)= 14db: INTEGRAT ION iMPR. FACTOR

xc.(5/C-)=(S/C)cut +i*():22.0 172 Co: I NTEGR. I MPR0VEj1E~r
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10 PRINT: PRINT TAB(30);"PROBLEM '9"

V, 20 PRINTTAB(30);" -
30 GOSUB go : GOSUB 890 : GOSUB 11 00

40 P..,,NT I PRINT" DO YOU WANT TO TRY AGAIN FOR DIFPERENT OR TP SE E DAT A'

30 INPUT D$

60 IF LEFT$(D$, I)='Y" OR LEFT$(D$, I)="g" THEN 30I 70 END

80

90 INPUTS THE DATA
'4' 100 ************.****.*********

110 PRINT: PRINT "ENTER THE OPERATING FREQ. fO IN GHz"

120 INPUT fO: PRINT: PRINT' 1. f0=';fO;"GHz"

130 PRINT: PRINT" ENTERTHE PEAK POWER Pp IN MW"
140 INPUT Pp: PRINT PRINT" 2. Pp=";Pp;'MW"

150 PRINT: PRINT"ENTER THE ANTENNA GAIN Ga IN db"

160 INPUT Go: PRINT : PRINT *3. Ga=";Ga;*db"
170 PRINT : PRINT" ENTERTHE AZIMUTH BEAMWIDTH A.B IN Deg."

180 INPUT A.B : PRINT: PRINT" 4. A.B=';A.B;'Deg."

1go PRINT: PRINT "ENTER THE ELEVATION COVERAGE ECrmnn,ECmax IN 0 g."

200 INPUT ECmin,ECmax: PRINT: PRI NT *5. ECmln=";ECmtn; " ECmax=';ECme x;" D eg.

210 PRINT: PRINT "ENTERTHE ANTENNA SCAN RATE Wm IN RPM"

220 INPUT Wm: PRINT PRINT" 6. Wm=";Wm:*RPM"

230 PRINT: PRINT "ENTER THE P.R.F fp IN Hz"

240 INPUT fp: PRINT : PRINT 7. fp=",fp;"Hz"

250 PRINT: PRINT " ENTER THE PULSE WIDTH T IN mlcrosec."

260 INPUTT PRINT: PRINT* 8. T=';T;"microsec."

270 PRINT: PRINT 'ENTER THE RECEIVER NOISE FIGURE F IN db"

* 280 INPUT F: PRINT: PRINT "9. F=;F;"db"

290 PRINT : PRINT ENTERTHE AIRCRAFT'S RADAR CROSS SECTION RCS IN dbsm"

300 INPUT RCS: PRINT: PRINT" 10. RCS=';RCS;"dbsm"

310 PRINT: PRINT" ENTERTHE RANGE OFT1-E AIRCRAFT R IN Km"
3 320 INPUT R: PRINT: PR!NT" I I R=';R;"Km"

330 PRINT: PRINT" ENTER THE CHAFF RMS VELOCITY SPREAD Su IN rn/sec."
340 INPUT Su: PRINT: PRINT " 12. SU=";Su;'m/sec."

3E0 PRNT .. NT" ENTER THE CLUTTER-TARGET SIGNAL RATIO (S/N'lou IN lb"
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360 INPUT SNout: PRINT: PRINT" 13. SNOUt=";SNOut;'db"

370 PRINT: PRINT " ISTHE INPUT DATA CORRECT Y/N?"

380 INPUT AS

390 IF LEFT$(A$, I)=Y" OR LEFTS(A$, 1)='y" THEN 870

4C0 PRINT "WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"

410 PRINT: PRINT" 1.THE OPERATING FREQ.?"

420 PRINT : PRINT "2. THE PEAK POWER?"

430 PRINT: PRINT" 3. THE ANTENNA GAIN?"

440 PRINT: PRINT "4. THE AZIMUTH BEAMWIDTH?"

450 PRINT : PRINT" 5.THE RANGE OFTHE ELEVATION COVERAGE?"

460 PRINT : PRINT "6. THE ANTENNA SCAN RATE?"

470 PRINT: PRINT "7. THE P.R.F?"

480 PRINT: PRINT " 8.THE PULSE WIDTH?"

490 PRINT: PRINT "9. THE RECEIVER NOISE FIGURE?"

500 PRINT: PRINT" 10. THE AIRCRAFTS RADAR CROSS SECTION?'

* 510 PRINT:PRINT" 1 I.THE RANGEOFTHE AIRCRAFT?"

520 PRINT: PRINT' 12. THE CHAFFS RMS VELOCITY SPREAD?"

530 PRINT: PRINT" 13. THE CLUTTER-TARGET SIGNAL RATIO?"

540 INPUT CS

550 IF C$=" I" THEN PRINT : PRINT ENTER THE CPERATING FREQ. fO IN GHZ"

560 IF C$="1" THEN INPUT fO: PRINT: PRINT" 1. f0=';fO;'GHz': GOTO 810

570 IF C$='2" THEN PRINT: PRINT " ENTERTHE PEAK POWER PD IN MW"

580 IF C$='2" THEN INPUT Pp : PRINT: PRINT "2. Pp=";Pp;"MW" : GOTO 810

590 IF C$="3" THEN PRINT: PRINT "ENTER THE ANTENNA GAIN Go IN db"

500 IF C$='3" THEN INPUT Go: PRINT: PRINT" 3. Ga=";Ga;"D" : GOTO 8 10

610 IF C$='4" THEN PRINT: PRINT "ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg."

620 IF C$='4" THEN INPUT A.B: PRINT: PRINT 4. A.B=";A.B;'Dog.': GOTO 810

630 IF C$='5" THEN PRINT: PRINT" ENTERTHE ELEVATION COVERAGE ECmtn,ECmax !N Deg.'

640 IF C$=*5" THEN INPUT ECmin,ECmex : PRINT: PRINT"5. ECmln=';ECmln;"

ECmex=";ECmax;" Deg.": GOTO 810

650 IF C$=6 THEN PRINT: PRINT "ENTER THE ANTENNA SCAN RATE Wm IN RPM"

660 IF C$='6" THEN INPUT WM: PRINT : PRINT '6. Wm=';Wm;'RPM : GOTO 810

570 IF C$="7" THEN PRINT: PRINT "ENTER THE P.R.F fp IN Hz"

560 IF C$= 7" THEN INPUT fD PRINT : PRINT" 7. fI=";fP;'Hz" : G70 8 C0

90 50 IF C$:"8" THEN PRINT: PRINT "ENTER THE PULSE WIDTH T IN mcrosec."
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700 IF C$="8" THEN INPUT T: PRINT: PRINT " B. T=';T;'mlcrosec." GOTO 810

710 IF C$='9 THEN PRINT: PRINT "ENTERTHE RECEIVER NOISE FIGURE F IN db"

720 IFC$=-9- THEN INPUT F: PRINT: PRINTV"9. F=;F;"db:.GOTO810

730 IFC$='10" THEN PRINT: PRINT "ENTER THE AIRCRAFT'S RADAR CROSS SECTIOI S *1

740 IF C$= 10" THEN INPUT RCS: PRINT: PRINT' 10. RCS=";RCS;'dbsm". GOTO 8 10
750 IF C$=11 THEN PRINT: PRINT * ENTER THE RANGE OFTHE AIRCRAFT R IN Kin"

760 IFC$=i11" THEN INPUT R:PRINT: PRINT I1. R=;R;Km':GOT0 810

770 IF C$=' 12" THEN PRINT PRINT" ENTERTHE CHAFF RMS VELOCITY SPREAD Su IN m/sec."

780 IF C$=12' THEN INPUT Su: PRINT: PRINT' 12. Su=';Su;*m/seC.": GOTO 810

790 IF C$='"13" THEN PRINT: PRINT "ENTER THE CLUTTER-TARGET SIGNAL RATIO (SAN)out IA

db"

0 IF C$='"13" THEN INPUT SNout : PRINT : PRINT" 13. SNout=";SNout;"db" GCTC 8 10)

810 PRINT:PRINT" !SEVERY'THINGO.KNOW?"

820 INPUT B$

830 IF LEFTS(B$,I)=Y" OR LEFT$(B$,I)='y" THEN GOTO 870

840 PRINT: PRINT *WHAT DO YOU WANT TO CHANGE AGAIN?"

850 PRINT: PRINT 'H IT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU

MALAK A

860 INPUT F$ :GOTO 410

870 RETURN

880

890 PRINTS THE INPUT DATA

910 LPRINT LPRINT TAB(30);" PROBLEM *9"

920 LPRINTTAB(30);" -------

930 LPRINT:LPRINT*GIVEN"

940 LPRINT -----

950 LPRINT: LPRINT" I fO=";fO;GHz" SPC(15); OPERATINGFREQ."

960 LPRINT• LPRINT" 2. Pp=';Pp;'MW" SPC( 18); ": PEAK POWER"
-  970 LPRINT• LPRINT" 3. Ga=:;Ga;'db" SPC( 17); ": ANTENNA GAIN"

• - 980 LPRINT : LPRINT "4. A.B=';A.B:"Deg." SPC( 13); ": AZ IMUTH BEAM WIDTH"

990 LPRINT: LPRINT 5. ECmln=';ECmin;" ECmax=";ECmax;" Deg.%;: RANGE OF ELEVATION

CVERAGE"

6 000 LPRINT: LPRINT 6. Wm=";Wrn;"RPM" SFC( 7); ".ANTENNA SCAN RATE"
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1010 LPRINT: LPRINT" 7. fp=';fp;HZ" SPC( 16);" :P.R.F"
1020 LPRINT: LPRINT "5. T=";T;"mlcrosec." SPC( 12);": PULSE WIDTH"
1030 LPRINT: LPRINT -9. F=;F;dclb" SPC( I 9); ": RECEIVER NOISE FIGURE"

'40 LPR NT LFINT 10.RCS=;RCS;' ib3m" SPC(13); 1 r:IR AFT'S ' Ap.c : :

C50 LPRINT -LPRINT" 11. R=';R;"Km" SPC( 16); ": RANGE OFTpE A IRCRAFT"

1060 LPRINT: LPR INT" 12. Su=';Su;"m/sec" SPC( 13);" -CHAFF RMS VELOCITY SPREAD"

1070 LPRINT :LPRINT" 13. SNout=';SNout;'db" SPC( I ); " CLUTTER-TARGET SIGNAL RATIO

(S/N)out"

1080 RETURN

1100 ' CALCULATION &PRINTOUT OF THE OUTPUT
1 I 2 4**4**w* *

1130 PRINT:PRINT: PRINT"OUTPUT"

i140 PRINT-

1150 LPRINT:LPRINT:LPRINT" OUTPUT"

1160 LPRINT" -----

1170 LET C=3* 10

1180 LET f0=f* 109

1190 LETl=C/fO

1200 LET PI=3.14159

1210 LET Imax=CINT(ft'2*lV2/(16*PI'2*Su)*(4))

1220 LET Imax I =CSNG( 10* 4342945**LOG(Imax))

1230 PRINT: PRINT THE BEST IMPROVEMENTTHE DELAY LINE CANCELER WILL PROViDE 1S

1240 PRINT: PRINT" Imax=";Imax;"numerlc";" OR";Imax 1 ;"db"

1250 LPRINT LPRINT"THE BEST IMPROVEMENT THE DELAY LINE CANCELER WILL PRCV\DE IS

1260 LPRINT : LPRINT" Imax=';Imax;numerl c;" OR';Imax 1 ;"db"
V 1270 LETSNin=-SNout-Imax I

1280 LET SNtn=SNln/ 10 :SNIn= 1 OSNIn

1290 LET N=CSNG(RCS/(. I5*1"2*SNln))
1300 PRINT: PRINT "N=';N;": DIPOLES IN RESOLUTION CELL"
1310 LPRINT. LPRINT "N=';N;": DIPOLES IN RESOLUTION CELL"
1320 RETURN
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PROeLEM*9

GVEN

1. fO= 1.3 6Hz :OPERATING FREQ.

2. Pp= 2 MW . PEAK POWER

3. G= 35 db ANTENNA GAIN

4. A.B= 1.3 Dog. : AZIMUTH BEAMWIDTH"-p

5. ECmln= .2 ECmox= 45 Deg. RANGE OF ELEVATION COVERAGE

6. Win= 5 RPM ANTENNA SCAN RATE

7. fP= 360 Hz P.R.F

8. T= 6 mcrosec. -PUL-E WIDTI-H

* 9.F= 8 db :RECEIVER NOISE FIGURE

10. RCS: 10 dbsm AIRCRAFT'S RADAR CROSS SECTION
11. R= 100 Km :RANGE OF THE AIRCRAFT

12. Su= I m/sec. CHAFF RMS VELOCITY SPREAD

13. SNout= I0 db CLUTTER-TARGET SIGNAL RATIO (S/N)out

L <.'-OUTPUT

THE BEST IMPROVEMENT THE DELAY LINECANCELER WILLPROVIDE IS-

Imox= 175 numeric OR 22.4304db

N= 2190750 :DIPOLES IN RESOLUTION CELL
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10 PRINT: PRINT TAB(30); * PROBLEM 10"

20 PRINT TA5(30):--------

30 GOSU1 8100 : GOSU 510

40 r;OE 5,40 •:GGSUB790

VF ?'IT 01NT "DO YOU WANT TO TRY AGAIN FOR DIFFEREPIT OR THE SAIIE ^ATA

60 iNPUT 0$

70 IF LEFT$(D$, 1)=Y OR LEFT$(D$, 1)=y" THEN 30

80 END

90

100 INPUTS THE DATA

120 PRINT: PRINT "ENTER THE SWEEP RANGE F 1,F2 OF THE HF RECEIVER IN MHz "

130 INPUTFI,F2:PRINT:PRINT" 1.FI-F2=';F I-"F2;'MHZ"

140 PRINT:PRINT'ENTERTHETIMETHATTHERECIVER SWEEPSTHEABC"#ER;A GECF,.E ..

150 INPUT T : PRINT: PRINT 2. T=";T;'times/3Qc."

, 160 PRINT: PRINT 'ENTER THE FREQ. RESOLUTION DF IN KHz"

170 INPUT DF : PRINT PRINT * 3. DF=';DF;'KHz"

180 PRINT: PRINT 'ENTER THE RECEIYER NOISE FIGURE F IN db"

-90 INPUT F PRINT : PRINT "4. F=";F;"db"

200 PRINT: PRINT "ENTER THE ANTENNA NOISE TEMPERATURE To IN KELVIN'

210 INPUTTa:PRINT:PRINT" S.To=';To;KELVIN"

220 PRINT: PRINT IS THE INPUT DATA CORRECT Y/N?"

230 INPUT AS

240 IF LEFT$(A$, )='Y" OR LEFT$(A$, 1)=-y" THEN 490

250 PRINT: PRINT WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?"i'.

260 PRINT: PRINT" I. THE SWEEP RANGE?'

270 PRINT: PRINT' 2. THETIME THE RECEIVER SWEEPS THE ABOVE RANGE?"
280 PRINT : PRINT" 3. THE FREQ. RESOLUTION?'

"., 290 PRINT: PRINT "4. THE RECEIVER'S NOISE FIGURE?'

300 PRINT: PRINT "5. THE ANTENNA NOISETEMPERATURE?"

310 INPUT CS

3.. 320 IF C$= 1" THEN PRINT: PRINT "ENTER THE SWEEP RANGE F 1,F2 OF THE -IF RECEIVER IN

MHz"

370 IF C$='I" THEN INPUT F IF2 PRINT: PRINT " I. F I -F2=";F I"-'2."!H2"GOT1 .
-  340 IF C$= 2" THEN PRINT: PRINT" ENTER THE TIME THATTHE EE.'E. SWEEPS ThE A. -..E
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RANGE OF FREQ."

350 IF C:$'2" THEN NPUTT: PRINT: PRINT' 2.T=';T;'tlme/sec.": GOTO 430
360 IF C$=3" THEN PRINT: PRINT "ENTER THE FREQ. RESOLUTION OF IN KHz"
370 IF C$=T3" THEN INPUT DF: PRINT: PRINT" 3. DF=';DF;"KHz": GO 30

380 IF C$='4" THEN PRINT: PRINT 'ENTER THE RECEIVER NOISE FIGUREF IN 

390 IF C$='4" THEN INPUT F: PRINT: PRINT" 4. F=";F;"ld": GOTO 430
400 IF C$='5" THEN PRINT: PRINT ENTERTHE ANTENNA NOISE TEMPERATURE Ta INKELVIN"
420 IF C$=*5" THEN INPUT To: PRINT: PRINT" 5. To=';To;"KELVIN" : GOTO 430
430 PRINT: PRINT * IS EVERYTHING O.K NOW?"
440 INPUT S$
450 IF LEFT$(B$,I)="Y OR LEFT$(B$,I)=*y" THEN GOTO 490
460 PRINT: PRINT * WHAT DO YOU WANT TO CHANGE AGAIN?"
470 PRINT: PRINT 'HIT ANY KEY IN YOUR KEYBOARD AND EVERYTH ING WILL WORK FOR YOU

IALAKA"

480 INPUT F$ : GOTO 260

490 RETURN

500

510 PRINTS THE INPUT DATA
520 *

530 LPRINT :LPRINTTAB(30);" PROBLEM "10"

540 LPRINT TAB(30);" "

5!0 LPRINT: LPRINT "G I V E N"

560 LPRINT-----

570 LPRINT: LPRINT" 1. F -F2=';F "-"F2;"MHz TAB(20);": SWEEP RANGE OF THE HF
RECEIVER"

580 LPRINT: LPRINT "2.T=";T;"tlmes/sec." TAB(20); :TIME THAT THE RECEIVER SWEEPSTHE
ABOVE RANGE OF FREQ."

590 LPRINT : LPRINT "3. DF=';DF;'KHz"TAB(20);" : FREQ. RESOLUTION"
600 LPRINT : LPRINT "4. F=";F;'db'TAB(20); :RECEIVER NOISE FIGURE"
610 LPRINT: LPRINT 5. Te=';Ta;'KELVIN'TAB(20);"' ANTENNA NOISETEMPERATURE"

620 RETURN

640 CALCULATION& PRINTOUT FOR PART a:

I-.
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570 LETT I= I/(DF*1 03)
680 LETW=WI*T1#1OOO 'KHz

690 PRINT: PRINT: PRINT"PARTS:

700 PRINT -------- :

710 LPRINT: LPRINT• LPRINT 'PART 8:

720 LPRINT'- ---

730 PRINT :PRINT "W=';W;"KHz*; *: BANDWIDTH OFTHE RECEIVER'S FILTER"

740 LPRINT: LPRINT "W=';W;"KHz'; *: BANDWIDTH FOR RECEIVER'S FILTER'

750 PRINT: PRINT "T=';T 1;*e.'; *. TIME DELAY FOR RECEIVER'S FILTER"

760 LPRINT: LPRINT "T=';T 1;"sec.'; ":TIME DELAY FOR RECEIVER'S FILTER"

770 RETURN

780

790 ' CALCULATION& PRINTOUT FOR PART t:

810 LETTO=TS : FI=F/10:F2=IO'F1

* 820 LET Te=(F2-1)*TO : K=1.38" 10'-23

830 LET MDS=KC(Ta+Te)*( /(2*T 1))
'1.4,q p 840 LET MDS=CINT( I 0*.4342945**LOGMDS))

850 LET MDS=MDS+F430

860 PRINT: PRINT: PRINT'PART b:

870 PRINT'------

880 LPRINT: LPRINT: LPRINT "PART b:

890 LPRINT -----

900 PRINT: PRINT "M.D.S=";MDS;"dbm"

910 LPRINT- LPRINT 'MD.S=";MDS;'dbm"

920 RETURN

4ir
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i PROBLEM" 10

"C' GIVEN

1. Fl -F2=2 -32 MHz SWEEP RANGE OF THE HF RECEIVER

2. T= 25 times/sec. TIME THAT THE RECEIVER SWEEPS THE ABOVE RANGE OF FREQ.

3. DF= 2 KHz :FREO. RESOLUTION

4 4. F= 3 db :RECEIVER NOISE FIGURE

S. To= 290 KELVIN ANTENNA NOISE TEMPERATURE

W= 375 KHz: BANDWIDTH OFTHE RECEIVER'S FILTER

T=.0005 sec.:TIME DELAY FOR RECEIVER'S FILTER

M.D.S=- 138dbm

248

'C , % , . , , . . " " . .[" ... ,.J""""%"""'



LIST OF REFERENCES

1. Skolnik, M.I., Introduction to Radar Systems, McGraw-
Hill, N.Y., 1962.

2. Skolnik, M.I., Radar Handbook, McGraw-Hill, New York,
1970.

3. Knorr, J.B., Homework Problems for Electronic Warfare,
Naval Postgraduate School, Monterey, California, 1984
(unpublished).

4. Van Brunt, L.B., Applied ECM, EW Engineering, Inc., 1978.

-A

249

4VA ''



AINITIAL DISTRIBUTION LIST

No. Copies

1. Defense Technical Information Center 2
Cameron Station
Alexandria, Virginia 22304-6145

2. Library, Code 0142 2
Naval Postgraduate School
Monterey, California 93943-5100

3. Hellenic Navy General Staff 4
Geniko Epitelio Novtikou
Stratopedo Papagou
Athenes, Greece

4. Professor Harold A. Titus, Code 62Ts 3
* Department of Electrical and

Computer Engineering
Naval Postgraduate School
Monterey, California 93943-5100

5. Professor J.M. Bouldry, Code 62Bo
Department of Electrical and
Computer Engineering

Naval Postgraduate School
Monterey, California 93943-5100

6. Lt. C. Vergos, HoN 4
Bouboulinas 12
Hulargos 155-62
Athenes, Greece

,. '*25

250



A.A

'IDT FftM
1%%N%% % W NQ


